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Filed: 8,734,714 Assignee: Magnet recycling
June 27, 2011
The University of | Abstract
Issued: Birmingham The present invention discloses a method for recovering rare earth particulate
May 27, 2014 material from an assembly comprising a rare earth magnet and comprises the steps of
(Birmingham, exposing the assembly to hydrogen gas to effect hydrogen decrepitation of the rare
Expires: Great Britian) earth magnet to produce a rare earth particulate material, and separating the rare earth
June 2031 particulate material from the rest of the assembly. The invention also resides in an

apparatus for separating rare earth particulate material from an assembly comprising
a rare earth magnet. The apparatus comprises a reaction vessel having an opening
which can be closed to form a gas-tight seal, a separation means for separating the
rare earth particulate material from the assembly, and a collection means for
collecting the rare earth particulate material. The reaction vessel is connected to a
vacuum pump and a gas control system, and the gas control system controls the
supply of hydrogen gas to the reaction vessel.

What is claimed is:

1. Apparatus for producing and separating rare earth particulate material from an
assembly comprising a rare earth magnet using hydrogen decrepitation, the apparatus
comprising: a reaction vessel having an opening which is capable of being closed to
form a gas-tight seal; a separator configured to separate the rare earth particulate
material from the assembly; and a collector configured to collect the rare earth
particulate material; wherein the reaction vessel is connected to a vacuum pump and
a gas control system; wherein the gas control system controls the supply of hydrogen
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gas to the reaction vessel; and wherein the separator comprises: a porous container
located within the reaction vessel and having holes of appropriate size to allow the
rare earth particulate material to pass through and to retain the assembly within the
container; and a device capable of tumbling the assembly contained within the porous
container to facilitate separation of the rare earth particulate material from the
assembly and movement of the rare earth particulate material though the holes of the
porous container

10. A method [process/method] for using the apparatus of claim 1 to produce and
separate rare earth particulate material from the assembly, the method comprising the
steps of: providing the assembly within the reaction vessel, using the gas control
system, controlling the supply of hydrogen gas to the reaction vessel to expose the
assembly to the hydrogen gas to effect hydrogen decrepitation of the rare earth
magnet whereby the rare earth particulate material is produced, using the separator,
separating the rare earth particulate material from the rest of the assembly, using the
collector, collecting the rate earth particulate material and wherein the separating
comprises tumbling the assembly.

11. The method according to claim 10, wherein the rare earth magnet is NdFeB or
SmCo

Note: gas mixture, temperature and pressure specifications are visible in other
claims....

Filed:
Nov 27, 2009

Issued:
April 15, 2014

Expires:
Nov 2029

8,695,210 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, Japan)

Method of manufacturing an Nd based sintered magnet

Abstract

A method for preparing the magnet includes the steps of: (a) providing a sintered Nd
base magnet block having surfaces and a magnetization direction, (b) coating the
surfaces of the magnet block excluding the surface perpendicular to the
magnetization direction with a Dy or Tb oxide powder, a Dy or Tb fluoride powder,
or a Dy or Th-containing alloy powder, (c) treating the coated block at a high
temperature for causing Dy or Tb to diffuse into the block, and (d) cutting the block
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in a plane perpendicular to the magnetization direction into a magnet segment having
a coercive force distribution on the cut section that the coercive force is high at the
periphery and lower toward the inside and a constant coercive force distribution in
the magnetization direction.

The invention claimed is:

1. A method for preparing [process/method] a sintered Nd base magnet comprising
in the recited order, the steps of: providing a sintered Nd base magnet block having
surfaces perpendicular to a magnetization direction and extending to the
magnetization direction; coating the surfaces of the magnet block excluding the
surface perpendicular to the magnetization direction with a Dy or Th oxide powder, a
Dy or Tb fluoride powder, or a Dy or Th-containing alloy powder, thereby obtaining
a coated block; heating the coated block so that the Dy or Th in the Dy or Tb oxide
powder, the Dy or Tb fluoride powder, or the Dy or Th-containing alloy powder,
diffuses into the block; cutting the coated block in a plane perpendicular to the
magnetization direction to form a cut section into a magnet segment having a
coercive force distribution on the cut section so that the coercive force is high at a
periphery of the cut section and lower toward an inside of the cut section and a
constant coercive force distribution in the magnetization direction; and then
machining the magnet segment on the surface perpendicular to the magnetization
direction so as to make a cross-section along the magnetization direction into a C or
D shape.

2. A method for preparing [process/method] a sintered Nd base magnet according to
claim 1, wherein the magnet block has a maximum dimension of up to 100 mm in a
Dy or Th-diffusing direction perpendicular to the magnetization direction and a
maximum length of at least 30 mm in the magnetization direction.

Filed:
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Permanent magnet and method of manufacturing same

Abstract
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Issued:
March 18,
2014

Expires:
Sept 2027

(Kanagawa, Japan)

A permanent magnet is provided which has formed a Dy, Tb film on a surface of an
iron-boron-rare earth sintered magnet of a predetermined shape, with diffusion
thereof into grain boundary phases, having a higher coercive force. The method of
manufacturing a permanent magnet includes a film-forming step of evaporating metal
evaporating material containing at least one of Dy and Tb and adhering evaporated
metal atoms to a surface of the iron-boron-rare earth sintered magnet, and a diffusing
step of performing heat treatment to diffuse metal atoms adhered to the surface into
grain boundary phases of the sintered magnet. The metal evaporating material
contains at least one of Nd and Pr.

What is claimed is:

1. A method of manufacturing [ process/method] a permanent magnet comprising: a
film-forming step comprising: heating a total surface area of a metal evaporating
material containing at least one of Dy and Tb in order to evaporate metal atoms of the
metal evaporating material from the total surface area of the metal evaporating
material; and adhering the evaporated metal atoms to a surface of an iron-boron-rare
earth sintered magnet; and a diffusing step of performing heat treatment to diffuse
metal atoms adhered to the surface into grain boundary phases of the
sinteredmagnet, wherein the metal evaporating material contains at least one of Nd
and Pr, and a ratio of a the total surface area of the metal evaporating material to a
total surface area of the sintered magnet is set to be in a range of 1.times.10.sup.-4 to
2.times.10.sup.3.

2. The method of manufacturing [process/method] a permanent magnet according to
claim 1, wherein the metal evaporating material further comprises at least one
material of the group consisting of Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, Cs, Er, Eu, Fe,
Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Ni, P, Pd, Ru, S, Sb, Si, Sm,
Sn, Sr, Ta, Ti, Tm, V, W, Y, Yb, Zn, and Zr.
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Composite magnetic material and method of preparing the same

Abstract

(CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the
U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.

This table is © 07-02-2014. The newest Table is online at http://cmi.ameslab.com/resources/magnet-table



http://cmi.ameslab.com/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8,574,380&OS=8,574,380&RS=8,574,380

U.S. Rare Earth Magnet Patents Table
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare- earth-magnet patents issued by the U.S. Patent and Trademark Office. It was
created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the United
States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

© 07-02-2014  pages

Issued:
November 5,
2013

Expires:
March 2020

Limited

(People’s Republic
of China)

The present invention discloses a composite magnetic material. The composite
magnetic material may, an Nd--Fe--B alloy and a Fe-based soft magnetic alloy
having the general formula of Fe.sub.100-x-y-z-aA.sub.XR.sub.aSi.sub.yB.sub.z. A
may be at least one element selected from Cu and Au. R may be at least one element
selected from the group consisting of Ti, Zr, Hf, Mo, Nb, Ta, W and V. And the x, a,
y, and z may satisfy: 0.ltoreq.x.ltoreq.3, 0.ltoreq.a.ltoreq.10, 0.ltoreq.y.ltoreq.20 and
2.ltoreq.z.Itoreq.25.

The present invention further discloses a method of preparing the composite
magnetic material as described above. According to the present invention, the
composite magnetic material may have an enhanced magnetic energy product and
residual magnetism respectively.

What is claimed is:

1. A composite magnetic material, comprising [composition of matter] : a Nd--Fe--
B alloy powder; and a nano Fe-based soft magnetic alloy powder, which specified in
atomic percentage is: Fe.sub.100-x-y-z-aA.sub.xR.sub.aSi.sub.yB.sub.z, wherein: A
is at least one element selected from the group consisting of Cu and Au; R is at least
one element selected from the group consisting of Ti, Zr, Hf, Mo, Nb, Ta, W and V;
and wherein 0.ltoreg.x.Itoreq.3, 0.ltoreq.a.ltoreq.10, 0<y.ltoreq.20 and
2.ltoreq.z.ltoreq.25. ...

4. A method of preparing a composite magnetic material [process/method] , the
method comprising: the composite magnetic material comprising: a Nd--Fe--B alloy
powder; and a nano Fe-based soft magnetic alloy powder which specified in atomic
percentage is: Fe.sub.100-x-y-z-aA.sub.xR.sub.aSi.sub.yB.sub.z, wherein: A is at
least one element selected from the group consisting of Cu and Au; R is at least one
element selected from the group consisting of Ti, Zr, Hf, Mo, Nb, Ta, W and V; and
wherein 0.ltoreg.x.ltoreq.3, 0.ltoreq.a.ltoreq.10, 0<y.ltoreq.20 and
2.Itoreq.z.1toreq.25; mixing the Nd--Fe--B alloy powder and the nano Fe-based soft
magnetic alloy powder to form a mixture; pressing the mixture in a magnetic field to
form a blank; sintering the blank under a first temperature; and tempering the blank
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under a second temperature, wherein the sintering and/or tempering steps occur under
a first atmosphere.

Filed:
Filed: March
25, 2011

Issued:
October 29,
2013

Expires:
March 2031

8,568,539

Assignee:

Kabushiki Kaisha
Toshiba

(Japan)

Permanent magnet and method for manufacturing the same, and motor and power
generator using the same

Abstract

According to one embodiment, a permanent magnet is provided with a sintered body
having a composition, represented by R(Fe.sub.pM.sub.qCu.sub.rCo.sub.1-p-g-
r).sub.zO.sub.w (where, R is at least one element selected from rare-earth elements,
M is at least one element selected from Ti, Zr and Hf, and p, g, r, z and w are
numbers satisfying 0.25.1toreq.p.ltoreq.0.6, 0.005.1toreq.q.Itoreq.0.1,
0.01.1toreq.r.Itoreq.0.1, 4.1toreq.z.Itoreq.9 and 0.005.Itoreq.w.ltoreq.0.6 in terms of
atomic ratio). The sintered body has therein aggregates of oxides containing the
element R dispersed substantially uniformly.

What is claimed is:

1. A permanent magnet comprising a sintered body having a composition
[composition of matter] represented by the following composition formula:
R(Fe.sub.pM.sub.qCu.sub.rCo.sub.1-p-g-r).sub.zO.sub.w, wherein R is at least one
element selected from the group consisting of rare-earth elements, M is at least one
element selected from the group consisting of Ti, Zr and Hf, p is a number, which is
an atomic ratio, satisfying 0.25.Itoreq.p.ltoreq.0.6, g is a number, which is an atomic
ratio, satisfying 0.005.ltoreq.q.ltoreq.0.1, r is a number, which is an atomic ratio,
satisfying 0.01.ltoreq.r.ltoreq.0.1, z is a number, which is an atomic ratio, satisfying
4.ltoreq.z.ltoreq.9, and w is a number, which is an atomic ratio, satisfying
0.005.lItoreq.w.ltoreq.0.6, wherein aggregates of oxides containing the element R are
substantially uniformly dispersed in the sintered body. ....

8. A method for manufacturing [process/method] a permanent magnet, comprising:
forming a magnetic powder having a composition represented by the following
composition formula:...., press-forming the magnetic powder in a magnetic field,
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thereby forming a formed body; sintering the formed body in a vacuum atmosphere
or an inert gas atmosphere, thereby forming a sintered body having a composition
represented by the following composition formula: ... performing a solution
treatment on the sintered body; and performing an aging treatment on the sintered
body after the solution treatment by holding the sintered body at a temperature in a
range of from 700.degree. C. to 900.degree. C., and cooling the sintered body to a
temperature in a range of from 400.degree. C. to 650.degree. C. at a cooling rate of
1.3.degree. C./min or less, wherein 50 volume % or more of particles in the magnetic
powder has a particle diameter of 3 .mu.m or more, and 50 volume % or more of the
particles having the particle diameter of 3 .mu.m or more has a particle diameter of
10 .mu.mor less. ...

9. A motor comprising the permanent magnet according to claim 1.

10. A power generator comprising the permanent magnet according to claim 1....

Filed:
Jan 9, 2009

Issued:
October 22,
2013

Expires:
Jan 2029

8,562,756 Assignee:

Intermetallics Co.,
Ltd.
(Japan)

(a joint venture
company of Daido
Steel Co., Ltd.,
Mitsubishi
Corporation and
Molycorp, Inc.)

NdFeB sintered magnet and method for producing the same

Abstract

The present invention is aimed at providing a method for producing an NdFeB
sintered magnet having a higher coercivity and higher squareness of the
magnetization curve than ever before. A method for producing an NdFeB sintered
magnet according to the present invention includes the steps of forming a layer
containing Dy and/or Tb on the surface of an NdFeB sintered magnet base material
and then performing a grain boundary diffusion process for diffusing Dy and/or Th
from the aforementioned layer through the crystal grain boundaries of the magnet
base material into the magnet base material by heating the magnet base material to a
temperature equal to or lower than the sintering temperature thereof, and this method
is characterized in that a) the content of a rare earth in a metallic state in the magnet
base material is equal to or higher than 12.7 at %; b) the aforementioned layer is a
powder layer formed by depositing a powder; and c) the powder layer contains Dy
and/or Tb in a metallic state by an amount equal to or higher than 50 mass %.

The invention claimed is:
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1. A method for producing [process/method] an NdFeB sintered magnet, including
steps of forming a layer containing Dy and/or Tb on a surface of an NdFeB sintered
magnet base material and then performing a grain boundary diffusion process for
diffusing Dy and/or Tb from the aforementioned layer through crystal grain
boundaries of the magnet base material into the magnet base material by heating the
magnet base material to a temperature equal to or lower than a sintering temperature
of the magnet base material, wherein: a) a content of a rare earth in a metallic state in
the magnet base material is equal to or higher than 12.7 at %; b) the aforementioned
layer is a powder layer formed by depositing a powder; ¢) the powder layer contains
50 mass % or more Dy and/or Tb in a metallic state; and d) the powder layer contains
1 mass % or more Al.

Filed: Oct 27,
2010

Issued:
October 15,
2013

Expires:
October 2030

8,557,057 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Japan)

Rare earth permanent magnet and its preparation

Abstract

A rare earth permanent magnet is prepared by disposing a powdered metal alloy
containing at least 70 vol % of an intermetallic compound phase on a sintered body
of R--Fe--B system, and heating the sintered body having the powder disposed on its
surface below the sintering temperature of the sintered body in vacuum or in an inert
gas for diffusion treatment. The advantages include efficient productivity, excellent
magnetic performance, a minimal or zero amount of Th or Dy used, an increased
coercive force, and a minimized decline of remanence.

The invention claimed is:

1. A rare earth permanent magnet, which is prepared by [process/method] disposing
an alloy powder on a surface of an original sintered body of the composition R.sub.a-
T.sup.l.sub.b-B.sub.c wherein R is at least one element selected from rare earth
elements inclusive of Y and Sc, T.sup.l is at least one element selected from Fe and
Co, B is boron, "a," "b" and "c" indicative of atomic percent are in the range:
12.1toreg.a.ltoreq.20, 4.0.1toreq.c.ltoreq.7.0, and the balance of b, said alloy powder
having the composition R.sup.1.sub.1-M.sup.1.sub.j wherein R.sup.1 is at least one
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element selected from rare earth elements inclusive of Y and Sc, M.sup.1 is at least
one element selected from the group consisting of Al, Si, C, P, Ti, V, Cr, Mn, Ni, Cu,
Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi, "i" and "j" indicative
of atomic percent are in the range: 63<j.ltoreq.89 and the balance of i, and containing
at least 70% by volume of an intermetallic compound phase, and heat treating the
sintered body having the alloy powder disposed on its surface at a temperature equal
to or below the sintering temperature of the original sintered body in vacuum or in an
inert gas, wherein at least one element of R.sup.1 and at least one element of M.sup.1
in the alloy powder is diffused to grain boundaries in the interior of the sintered body,
near grain boundaries within sintered body primary phase grains or a combination
thereof; and wherein the coercive force of the rare earth permanent magnet is
increased over the magnetic properties of the original sintered body

Filed:
December 27,
2007

Issued:
October 8,
2013

Expires:
Dec 2027

8,551,210 Assignee:

Vacuumschmelze
GmbH & Co. KG

(Germany)

Composite article with magnetocalorically active material and method for its
production

Abstract

A composite article (1; 10; 40) comprises a plurality of inclusions (5) of a
magnetocalorically active material embedded in a matrix (4) of a magnetocalorically
passive material. The inclusions (5) and the matrix (4) have a microstructure
characteristic of a compacted powder.

The invention claimed is:

1. A composite article, comprising [composition of matter] : (a) a solid matrix
comprising a magnetocalorically passive material and having a microstructure
comprising a plurality of particles of magnetocalorically passive material that have
lattice structure that exhibits strain, or fractures, or both, from compression, and that,
at least in part, touch one or more immediately neighboring particles of
magnetocalorically passive material; and (b) a plurality of solid inclusions
comprising a magnetocalorically active material at least partially embedded in the
solid matrix, wherein the inclusions either: (1) have a microstructure comprising a
plurality of particles of magnetocalorically active material that have lattice structure
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that exhibits strain, or fractures, or both from compression, and that, at least in part,
touch one or more immediately neighboring particles of magnetocalorically passive
material, or (2) form a series of foils, flakes, or tapes embedded in the matrix. ...

16. Composite article according to claim 1, wherein the magnetocalorically active
material is [composition of matter] one or more of Gd, a La(Fe.sub.1-
bSi.sub.b).sub.13-based phase, a Gd.sub.5(Si, Ge).sub.4-based phase, a Mn(As, Sb)-
based phase, a MnFe(P, As) -based phase, a Th--Gd-based phase, a (La, Ca, Pr, Nd,
Sr)MnO.sub.3-based phase, a Co--Mn--(Si, Ge)-based phase, or a Pr.sub.2(Fe,
Co).sub.17-based phase.

Filed:
June 30, 2005

Issued:
October 1,
2013

Expires:
June 2025

8,545,641 Assignee:

Intermetallics Co.,
Ltd.

(Japan)

a joint venture
company of Daido
Steel Co., Ltd.,
Mitsubishi
Corporation and
Molycorp, Inc

Method and system for manufacturing sintered rare-earth magnet having magnetic
anisotropy

Abstract

A method for manufacturing a sintered rare-earth magnet having a magnetic
anisotropy, in which a very active powder having a small grain size can be safely
used in a low-oxidized state. A fine powder as a material of the sintered rare-earth
magnet having a magnetic anisotropy is loaded into a mold until its density reaches a
predetermined level. Then, in a magnetic orientation section, the fine powder is
oriented by a pulsed magnetic field. Subsequently, the fine powder is not compressed
but immediately sintered in a sintering furnace. A multi-cavity mold for
manufacturing a sintered rare-earth magnet having an industrially important shape,
such as a plate magnet or an arched plate magnet may be used.

The invention claimed is:

1. A method for manufacturing [process/method] a sintered NdFeB magnet having
a magnetic anisotropy, comprising: a) loading an NdFeB alloy powder into a
container (called a mold hereinafter) having a cavity whose form corresponds to that
of a product to be obtained with a loading density of the alloy powder being within a
range from 47.4 to 55% of a real density, the alloy powder having an average grain
size D.sub.50 of 0.5 to 5 .mu.m measured with a laser grain-size distribution
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measurement apparatus and containing a total of 6 weight percent or smaller of Dy
and/or Thb; b) applying an orienting magnetic field that is 2 T or higher to the alloy
powder in absence of a compression to orient the alloy powder; c) creating a sintered
body by heating the alloy powder contained in the mold in an absence of a
compression while allowing gas components released from the alloy powder to
escape from the mold; and d) taking out the sintered body of the alloy powder from
the mold, wherein the steps a) through c) are performed under vacuum or under an
atmosphere of an inert gas.

Filed:
November 22,
2010

Issued:
September 24,
2013

Expires:
Nov 2030

8,540,929 Assignee:
TDK Corporation

(Japan)

Method for producing rare earth sintered magnet

Abstract

The present invention relates to a method for producing a rare earth sintered magnet
including the steps of: molding a mixture of magnetic powder containing a rare earth
compound and oil-extended rubber containing oil and rubber to produce a molded
body; removing the oil-extended rubber from the molded body; and calcining the
molded body from which the oil-extended rubber is removed to produce a rare earth
sintered magnet

What is claimed is:

1. A method for producing [process/method] a rare earth sintered magnet, the
method comprising the steps of: molding a mixture of magnetic powder containing a
rare earth compound and oil-extended rubber containing oil and rubber to produce a
molded body; removing the oil-extended rubber from the molded body; and calcining
the molded body from which the oil-extended rubber is removed to produce a rare
earth sintered magnet, wherein the rubber is at least one selected from a group
consisting of polyisobutylene, ethylene-propylene rubber, styrene-butadiene rubber,
butadiene rubber, isoprene rubber, butyl rubber and ethylene-propylene diene
monomer rubber

Filed:
September 30,

8,518,194 Assignee:

Magnetic article and method for producing a magnetic article
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2009

Issued:
August 27,
2013

Expires:
Sept 2029

Vacuumschmelze
GmbH & Co. KG

(Germany)

Abstract

A magnetic article comprises, in total, elements in amounts capable of providing at
least one (La.sub.1-aM.sub.a)(Fe.sub.1-b-cT.sub.bY.sub.c).sub.13-dX.sub.e phase
and less than 0.5 Vol % impurities, wherein 0.ltoreq.a.ltoreq.0.9, 0.ltoreq.b.ltoreq.0.2,
0.05.1toreq.c.ltoreq.0.2, -1.Itoreq.d.Itoreq.+1, 0.ltoreg.e.ltoreq.3, M is one or more of
the elements Ce, Pr and Nd, T is one or more of the elements Co, Ni, Mn and Cr, Y is
one or more of the elements Si, Al, As, Ga, Ge, Sn and Sb and X is one or more of
the elements H, B, C, N, Li and Be. The magnetic article comprises a permanent
magnet.

The invention claimed is:

1. Magnetic article comprising [composition of matter] , in total, elements in
amounts capable of providing at least one (La.sub.1-aM.sub.a)(Fe.sub.1-b-
cT.sub.bY.sub.c).sub.13-dX.sub.e phase and less than 5 Vol % impurities, wherein
0.ltoreq.a.ltoreq.0.9, 0.ltoreq.b.ltoreq.0.2, 0.05.1toreq.c.lItoreq.0.2, -
1.ltoreq.d.ltoreq.+1, 0.ltoreg.e.ltoreq.3, M is one or more of the elements Ce, Pr and
Nd, T is one or more of the elements Co, Ni, Mn and Cr, Y is one or more of the
elements Si, Al, As, Ga, Ge, Sn and Sb and X is one or more of the elements H, B, C,
N, Li and Be, wherein the magnetic article comprises a permanent magnet
comprising: a non-magnetic matrix, and a plurality of permanently magnetic
inclusions comprising at least one .alpha.-Fe-type phase distributed in the non-
magnetic matrix .....

10. Method of fabricating a magnetic article [process/method] comprising: providing
a precursor article ... and heat treating the precursor article to produce a permanent
magnet comprising permanently magnetic .alpha.-Fe-type inclusions in a non-
magnetic matrix.

Filed: Aug
17,2011

Issued:

8,512,590 Assignee:

Hitachi Metals, Ltd.

Rotating machine, bonded magnet, magnet roll, and method for producing sintered
ferrite magnet

Abstract
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Aug 20, 2013

Expires:
Aug 2031

(Japan)

A method for producing a sintered ferrite magnet having an M-type ferrite structure
and represented by: Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z, (by atomic
ratio), where 0.3.ltoreq.1-x-y.ltoreq.0.65, 0.2.Itoreq.x.ltoreq.0.65,
0.001.ltoreq.y.ltoreq.0.2, 0.03.Itoreq.z.Itoreq.0.65, 4.ltoreq.n.ltoreq.7, and 1-x-y>y.
The method includes mixing a Ca compound, an R element compound, a Ba
compound, an iron compound and a Co compound as starting materials calcining the
starting materials to obtain calcined bodies; pulverizing the calcined bodies to obtain
a calcined powder; providing recycled materials having an M-type ferrite structure
and being represented by the above formula; pulverizing the recycled materials to
obtain a recycled material powder; mixing the recycled material powder with the
calcined powder to form a moldable material; molding the moldable material to
obtain green bodies; and sintering the green bodies to obtain the sintered ferrite
magnet.

What is claimed is:

1. A method for producing [process/method] a sintered ferrite magnet having an
M-type ferrite structure, comprising Ca, an R element that is at least one of rare earth
elements and indispensably includes La, Ba, Fe and Co as indispensable metal
elements, and having a composition represented by the following general formula:
Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z, (by atomic ratio), wherein (1-x-y),
X, Y, z, and n represent the contents of Ca, the R element, Ba and Co, and a molar
ratio, meeting 0.3.ltoreq.1-x-y.ltoreq.0.65, 0.2.1toreq.x.ltoreq.0.65,
0.001.ltoreq.y.ltoreq.0.2, 0.03.Itoreq.z.Itoreq.0.65, 4.ltoreq.n.ltoreq.7, and 1-x-y>y,
said method comprising the steps of mixing a Ca compound, an R element
compound, a Ba compound, an iron compound and a Co compound as starting
materials for the composition; calcining the starting materials to obtain calcined
bodies; pulverizing the calcined bodies to obtain a calcined powder; providing
recycled materials having an M-type ferrite structure, comprising Ca, an R element
that is at least one of rare earth elements and indispensably includes La, Ba, Fe and
Co as indispensable metal elements, and having the same metal composition as the
one represented by the above-mentioned general formula; pulverizing the recycled
materials to obtain a recycled material powder; mixing the recycled material powder
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with the calcined powder to form a moldable material; molding the moldable material
to obtain green bodies; and sintering the green bodies to obtain the sintered ferrite
magnet; wherein the mixing ratio of the recycled material powder to the calcined
powder of the moldable material is 5 to 95 parts by mass to 95 to 5 parts by mass,
and wherein the recycled materials comprise at least one of failed green bodies, failed
sintered bodies and dust generated in the machining of the sintered bodies.

Filed:
March 9, 2011

Issued:
August 13,
2013

Expires:
March 2031

8,506,838 Assignee:
Hitachi Metals, Ltd.

(Japan)

Sintered ferrite magnet and its production method

Abstract

A sintered ferrite magne comprising a first granular ferrite compound phase
containing Ca, La, Fe and Co and having a Curie temperature Tc1 between
415.degree. C. and 430.degree. C., and a second granular ferrite compound phase
containing Sr, La, Fe and Co and having a Curie temperature Tc2 between
437.degree. C. and 455.degree. C., the volume ratio of the first ferrite compound
phase being 50-90%, and the volume ratio of the second ferrite compound phase
being 10-50%, with their total volume ratio being 95% or more.

What is claimed is:

1. A sintered ferrite magnet comprising a first granular ferrite compound phase
containing Ca, La, Fe and Co and having a Curie temperature between 415.degree. C.
and 430.degree. C., and a second granular ferrite compound phase containing Sr, La,
Fe and Co and having a Curie temperature between 437.degree. C. and 455.degree.
C., the volume ratio of said first granular ferrite compound phase being 50-90%, and
the volume ratio of said second granular ferrite compound phase being 10-50%, with
their total volume ratio being 95% or more. [composition of matter]...

11. A method for producing a sintered ferrite magnet comprising [process/method
the steps of (1) mixing a first calcined ferrite in which the metal elements of Ca, La,
(Ba+Sr), Fe and Co have a composition represented by the general formula:
Ca.sub.1-x'-c'La.sub.x'A.sub.c'Fe.sub.2n'-y'Co.sub.y’, wherein A represents (Ba+Sr),
and x', ¢' and y' representing the atomic ratios of Ca, La, A, Fe and Co and n'
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representing a molar ratio are numbers meeting the conditions of
0.4.1toreq.x".Itoreq.0.6, 0.ltoreq.c".Itoreq.0.2, 0.2<y'.ltoreq.0.5, and 4.Itoreq.n".Itoreq.6,
with a second calcined ferrite in which the metal elements of Sr, La, Fe and Co have
a composition represented by the general formula: Sr.sub.1-x"La.sub.x"Fe.sub.2n"-
y"Co.sub.y", wherein x" and y" representing the atomic ratios of Sr, La, Fe and Co
and n" representing a molar ratio are numbers meeting the conditions of
0.05.1toreq.x".Itoreq.0.3, 0.05.ltoreq.y".Itoreq.0.3, and 5.Itoreg.n".Itoreq.6, at a mass
ratio of 90/10 to 50/50, to obtain a calcined ferrite mixture; (2) pulverizing said
calcined ferrite mixture to obtain powder; (3) molding said powder to obtain a green
body; and (4) sintering said green body to obtain a sintered body.

Filed:
Jan 28, 2011

Issued:
July 9, 2013

Expires:
Jan 2031

8,481,179 Assignee:

Nissan Motor Co.,
Ltd.

(Japan)

Rare earth magnet having high strength and high electrical resistance

Abstract

This rare earth magnet having high strength and high electrical resistance has a
structure including an R--Fe--B-based rare earth magnet particles 18 which are
enclosed with a high strength and high electrical resistance composite layer 12. The
high strength and high electrical resistance composite layer 12 is constituted from a
glass-based layer 16 that has a structure comprising a glass phase or R oxide particles
13 dispersed in glass phase, and R oxide particle-based mixture layers 17 that are
formed on both sides of the glass-based layer 16 and contain an R-rich alloy phase 14
which contains 50 atomic % or more of R in the grain boundary of the R oxide
particles.

What is claimed is:

1. A rare earth magnet formed by stacking [composition of matter] a composite layer
and an R--Fe--B-based rare earth magnet layer, wherein R represents one or more
kind of rare earth element including Y, and the composite layer comprises a glass-
based layer having a glass phase or a structure of R oxide particles dispersed in a
glass phase, and R oxide particle-based mixture layers that are formed on both sides
of the glass-based layer and which contain an R-rich alloy phase which contains 50
atomic % or more of R in a grain boundary of the R oxide particles. ...
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3. The rare earth magnet according to claim 2, wherein R of the R oxide layer
[composition of matter] contained in the composite layer is one or more selected
from the group consisting of Y, Gd, Tbh, Dy, Ho, Er, Tm, Yb, and Lu. ...

16. The rare earth magnet according to claim 9, wherein the rare earth magnet is
formed [process/method] by forming a R--Fe--B-based rare earth magnet powder
green compact layer using an R--Fe--B-based rare earth magnet powder in magnetic
field; forming a sputtered layer of oxide of rare earth element on the upper surface of
the R--Fe--B-based rare earth magnet powder green compact layer so as to make at
least two stacked bodies constituted from the R--Fe--B-based rare earth magnet
powder green compact layer and the R oxide layer; placing one of the stacked bodies
on another one of the stacked bodies so as to provide the glass powder layer between
the R oxide layers, thereby to form a stacked green compact constituted from the R--
Fe--B-based rare earth magnet powder green compact layer, the R oxide layer, the
glass powder layer, the R oxide layer, and the R--Fe--B-based rare earth magnet
powder green compact layer in order; and conducting a hot pressing of the stacked
green compact to obtain the rare earth magnet. ...

Filed:
Mar 28, 2011

Issued:
July 9, 2013

Expires:
March, 2031

8,480,818 Assignee:

Nitto Denko
Corporation

(Japan)

Permanent magnet and manufacturing method thereof

Abstract

There are provided a permanent magnet and a manufacturing method thereof capable
of preventing grain growth in a main phase and enabling rare-earth rich phase to be
uniformly dispersed. To fine powder of milled neodymium magnet material is added
an organometallic compound solution containing an organometallic compound
expressed with a structural formula of M-(OR).sub.x (in the formula M represents Cu
or Al, R represents a substituent group consisting of a straight-chain or branched-
chain hydrocarbon, .sub.x represents an arbitrary integer) so as to uniformly adhere
the organometallic compound to particle surfaces of the neodymium magnet powder.
Thereafter, a compact body formed by compacting the above neodymium magnet
powder is held for several hours in hydrogen atmosphere at 200 through 900 degrees
Celsius. Thereafter, through a sintering process, a permanent magnet is
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manufactured.
The invention claimed is:

1. A manufacturing method [process/method] of a Nd--Fe--B based permanent
magnet comprising steps of milling magnet material into magnet powder; adding an
organometallic compound expressed with a structural formula of M-(OR).sub.x M
representing Cu or Al, R representing a substituent group consisting of a straight-
chain or branched-chain hydrocarbon, and .sub.x representing an arbitrary integer, to
the magnet powder obtained at the step of milling magnet material and getting the
organometallic compound adhered to particle surfaces of the magnet powder;
compacting the magnet powder of which particle surfaces have got adhesion of the
organometallic compound so as to obtain a compact body; and sintering the compact
body, wherein M contained in the organometallic compound is concentrated in grain
boundaries of the permanent magnet after sintering, wherein the permanent magnet is
Nd--Fe--B based.

Filed:
Mar 14, 2011

Issued:
May 28, 2013

Expires:
March 2031

8,449,696 Assignee:
TDK Corporation

(JAPAN)

Rare-earth sintered magnet containing a nitride, rotator containing rare-earth sintered
magnet, and reciprocating motor containing rare-earth sintered magnet

Abstract

The present invention relates to a rare-earth sintered magnet 100 containing an R-T-
B-based alloy and a nitride of a transition element while the nitride is distributed
preferentially to a surface part[process/method]. (R, T, and B indicate a rare-earth
element, at least one of iron and cobalt, and boron, respectively.)

What is claimed is:

1. A rare-earth sintered magnet containing [composition of matter], an R-T-B-based
alloy and a nitride of at least one element selected from the group consisting of iron
and cobalt, wherein: R, T, and B indicate a rare-earth element, at least one transition
element selected from the group consisting of iron and cobalt, and boron,
respectively; the nitride is distributed preferentially to a surface part of the rare-earth
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sintered magnet; and the element contained in the nitride is the same as the transition
elementT. ...

4. The rare-earth sintered magnet according to claim 1, wherein: the surface part is
part extending by a depth of 2 .mu.m from a surface; and the surface part has a nitride
content of 1 to 11 mass % in terms of nitrogen.

Filed:
Jul 8, 2011

Issued:
April 23,2013

Expires:
Jul 2031

8,425,695 Assignee:
TDK Corporation

(JAPAN)

Rare earth sintered magnet

Abstract

A rare earth sintered magnet includes a main phase that includes an
R.sub.2T.sub.14B phase of crystal grain where R is one or more rare earth elements
including Nd, T is one or more transition metal elements including Fe or Fe and Co,
and B is B or B and C; a grain boundary phase in which a content of R is larger than
a content of the R.sub.2T.sub.14B phase; and a grain boundary triple point that is
surrounded by three or more main phases. The grain boundary triple point includes
an R75 phase containing R of 60 at % to 90 at %, Co, and Cu. The relational
expression 0.05.ltoreq.(Co+Cu)/R<0.5 is satisfied. An area where a Co-rich region
overlaps with a Cu-rich region in a cross-sectional area of the grain boundary triple
point is 60% or more.

What is claimed is:

1. A rare earth sintered magnet comprising [composition of matter]. :a main phase
that includes an R.sub.2T.sub.14B phase of crystal grain where R is one or more rare
earth elements, T is Fe or Fe and Co, and B is B or B and C; a grain boundary phase
in which a content of R is larger than a content of the R.sub.2T.sub.14B phase; and a
grain boundary triple point that is surrounded by three or more main phases, wherein
the grain boundary triple point includes an R-rich phase containing R of 90 at % or
more, and an R75 phase containing R of 60 at % to 90 at %, Co, and Cu,
0.05.Itoreq.(Co+Cu)/R<0.45 is satisfied where (Co+Cu)/R is a composition ratio of
R, Co, and Cu contained in the R75 phase in terms of atomic percentage, and an area
where a Co-rich region overlaps with a Cu-rich region in a cross-sectional area of the
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grain boundary triple point on a cross section of the rare earth sintered magnet is 60%
or more [composition of matter].

2. The rare earth sintered magnet according to claim 1, wherein a content of R in a
magnet composition is of 25% by mass to 35% by mass.

3. The rare earth sintered magnet according to claim 1, wherein a content of Co in a
magnet composition is of 0.6% by mass to 3.0% by mass.

4. The rare earth sintered magnet according to claim 1, wherein a content of Cu in a
magnet composition is 0.05% by mass to 0.5% by mass.

Filed: 8,421,292 Assignee:
March 25,
2008 Hitachi Metals, Ltd.

Issued: (Tokyo, JAPAN)
April 16, 2013

Expires:
March 2028

Permanent magnet motor having composite magnets and manufacturing method
thereof

Abstract

A permanent magnet motor includes: a rotor and a stator; and a plurality of
permanent magnets placed on either the rotor or the stator. Each permanent magnet is
an R--Fe--B based rare-earth sintered magnet including a light rare-earth element RL
(at least one of Nd and Pr) as a major rare-earth element R, and partially includes a
high coercivity portion in which a heavy rare-earth element RH (at least one element
selected from the group consisting of Dy, Ho and Tb) is diffused in a relatively
higher concentration than in the other portion.

The invention claimed is:

1. A permanent magnet motor comprising [composition of matte] : a rotor; a stator;
and a plurality of permanent magnets located on either the rotor or the stator; wherein
the permanent magnet is an R--Fe--B based rare-earth sintered magnet including light
rare-earth element RL including at least one of Nd and Pr as a rare-earth element R,
and partially includes a high coercivity portion in which a heavy rare-earth element
RH including at least one element selected from the group consisting of Dy, Ho and
Th is diffused from a selected area of a surface of the permanent magnet in a
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relatively higher concentration than in other portions, the selected area of the surface
of the permanent magnet defining a location of the high coercivity portion of the
permanent magnet, the high coercivity portion and a portion other than the high
coercivity portion being arranged at the surface of the permanent magnet; and an
angle of the permanent magnet formed with respect to a rotation axis of the motor is
A.degree., an angle of the high coercivity portion formed with respect to the rotation
axis of the motor is B.degree., and B.degree./A.degree. is between more than 0% and
not more than 40%. ....

8. A method for manufacturing [process/method] a permanent magnet motor, the
method comprising the steps of: preparing a plurality of permanent magnets each of
which is an R--Fe--B based rare-earth sintered magnet including a light rare-earth
element RL including at least one of Nd and Pr as a rare-earth element R, and
partially including a high coercivity portion in which a heavy rare-earth element RH
including at least one element selected from the group consisting of Dy, Ho and Tb is
diffused in a relatively higher concentration than in the other portion, the high
coercivity portion and a portion other than the high coercivity portion being arranged
at a surface of the permanent magnet; and placing the plurality of permanent magnets
on either a rotor or a stator; wherein the step of preparing a plurality of permanent
magnets comprises the steps of: preparing an R--Fe--B based rare-earth sintered
magnet including a light rare-earth element RL as a rare-earth element R; and
forming a high coercivity portion by diffusing the heavy rare-earth element RH from
a selected area of the surface of the R--Fe--B based rare-earth sintered magnet toward
an inside of the magnet, the selected area of the surface of the permanent magnet
defining a location of the high coercivity portion of the permanent magnet, the high
coercivity portion and a portion other than the high coercivity portion being arranged
at the surface of the permanent magnet; and the step of forming the high coercivity
portion comprises: forming a mask layer having an opening that defines the selected
area of the surface of the permanent magnet; and heating and vaporizing a bulk body
including the heavy rare-earth element RH and diffusing the heavy rare-earth element
into the selected area of the surface of the permanent magnet through the opening of
the mask layer, the bulk body not being in contact with the surface of the permanent
magnet. ...
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11. The method of claim 10, wherein the step of forming the high coercivity portion
comprises: arranging the R--Fe--B based rare-earth sintered magnet and a bulk body
including the heavy rare-earth element RH inside a processing chamber so as to face
each other with a predetermined gap left between the R--Fe--B based rare-earth
sintered magnet and the bulk body; and heating the processing chamber to vaporize
the bulk body and diffuse the heavy rare-earth element into the selected area of the
surface of the permanent magnet....

Filed:
Jul 23, 2007

Issued:
April 16, 2013

Expires:
Jul, 2027

8,420,160 Assignee:

Intermetallics Co.,
Ltd.

(JAPAN)

(a joint venture
company of Daido
Steel Co., Ltd.,
Mitsubishi
Corporation and
Molycorp, Inc.)

Method for producing sintered NdFeB magnet

Abstract

The present invention provides a method for producing a sintered NdFeB
magnethaving high coercivity and capable of being brought into applications without
lowering its residual magnetic flux density or maximum energy product and without
reprocessing. The method for producing a sintered NdFeB magnet according to the
present invention includes applying a substance containing dysprosium (Dy) and/or
terbium (Tb) to the surface of the sintered NdFeB magnet forming a base body and
then heating the magnet to diffuse Dy and/or Th through the grain boundary and
thereby increase the coercivity of the magnet. This method is characterized in that:
(1) the substance containing Dy or Tb to be applied to the surface of the sintered
NdFeB magnet is substantially a metal powder; (2) the metal powder is composed of
a rare-earth element R and an iron-group transition element T, or composed of R, T
and another element X, the element X capable of forming an alloy or intermetallic
compound with R and/or T; and (3) the oxygen content of the sintered NdFeB
magnet forming the base body is 5000 ppm or lower. The element T may contain
nickel (Ni) or cobalt (Co) to produce an anticorrosion effect. The invention claimed
is:

1. A method for producing [process/method] a sintered NdFeB magnet,
comprising: applying a substance to a surface of the sintered NdFeB magnet, the
substance being substantially a metal powder comprising (i) a rare earth element
component (R) that is dysprosium and/or terbium and optionally at least one other
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rare earth element and (ii) an iron group transition element component (T) that is at
least one member selected from the group consisting of iron, cobalt, and nickel; and
then heating the magnet to diffuse dysprosium and/or terbium through grain
boundaries of the magnet in order to increase coercivity of the magnet, wherein an
oxygen content of the sintered NdFeB magnet is 5000 ppm or lower.

Filed:
Mar 28, 2007

Issued:
April 16, 2013

Expires:
Mar, 2027

8,420,010 Shin-Etsu Chemical
Co., Ltd.

(JAPAN)

Method for preparing rare earth permanent magnet material

Abstract

A method for preparing a rare earth permanent magnet material is characterized by
comprising the steps of disposing a powder mixture on a surface of a sintered magnet
body of R.sup.1--Fe--B composition wherein R.sup.1 is at least one element selected
from rare earth elements inclusive of Sc and Y, the powder mixture comprising a
powder containing at least 0.5% by weight of M which is at least one element
selected from Al, Cu, and Zn and having an average particle size equal to or less than
300 .mu.m and a powder containing at least 30% by weight of a fluoride of R.sup.2
which is at least one element selected from rare earth elements inclusive of Sc and Y
and having an average particle size equal to or less than 100 .mu.m, and heat treating
the magnet body having the powder disposed on its surface at a temperature equal to
or below the sintering temperature of the magnet body in vacuum or in an inert gas,
for causing at least one of M and R.sup.2 in the powder mixture to be absorbed in the
magnet body. The invention provides an R--Fe--B sintered magnet with high
performance and a minimized amount of Tb or Dy used.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet
material, comprising the steps of: disposing a powder mixture on a surface of a
sintered magnet body of R.sup.1--Fe--B composition wherein R.sup.1 is at least one
element selected from rare earth elements inclusive of Sc and Y, said powder mixture
comprising a powder containing at least 0.5% by weight of M which is at least one
element selected from Al, Cu, and Zn and having an average particle size equal to or
less than 300 and a powder containing at least 30% by weight of a fluoride of R.sup.2
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which is at least one element selected from rare earth elements inclusive of Sc and Y
and having an average particle size equal to or less than 100 .mu.m, and heat treating
the magnet body having the powder disposed on its surface at a temperature equal to
or below the sintering temperature of the magnet body in vacuum or in an inert gas,
for absorption treatment for causing at least one of M and R.sup.2 in the powder
mixture to be absorbed in the magnet bodly.

Filed:
March 18,
2010

Issued:
March 26,
2013

Expires:
March 2030

8,404,141 Assignee:
Minebea Co., Ltd.

(Kitasaku-gun,
JAPAN)

Rare earth bonded magnet

Abstract

A rare earth bonded magnet is provided which is produced such that a mixture which

comprises: a rare earth magnet powder; a resin binder comprising a thermosetting

resin; an organic phosphorus compound; and a coupling agent is compress-molded,

heated and cured, wherein the organic phosphorus compound and the coupling agent

are represented by the following respective chemical formulas (structural formulas):
O

o]

O—P—O0—P—t0R )

(R;0),—M
##STRO0001## T OH
What is claimed is:

1. A rare earth bonded magnet produced such that [process/method] a mixture,
which comprises: a rare earth magnet powder; a resin binder comprising a
thermosetting resin; an organic phosphorus compound; and a coupling agent, is
compress-molded, heated and cured, wherein the organic phosphorus compound is an
organophosphate ester compound defined by a formula below: ##STR00009##

By P LaH

R where: R.sub.1 and R.sub.2 are an organic group of at least one kind
including a hydrocarbon group; when R.sub.1 and R.sub.2 have two or more kinds of
organic groups, the organic groups can be either identical to or different from one
another; and the hydrocarbon group is one of an alkyl group and aryl group with a
carbon number of 3 to 18 which can be either straight-chained, branched or cyclic in
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formation, and wherein the coupling agent is defined by a formula below:
##STRO0010##

(R;0),—M—F0—C=CH—C—0R;

T J‘-' é «» Where: R.sub.3, R.sub.4 and R.sub.5 are an organic group
of at least one kind including a hydrocarbon group; M is one element selected from
Si, Ti and Zr; when R.sub.3, R.sub.4 and R.sub.5 have two or more kinds of organic
groups, the organic groups can be either identical to or different from one another; n
is an integer which corresponds to a number of coupling hands of M and which
ranges from 1 to 3; and the hydrocarbon group is one of an alkyl group and aryl
group with a carbon number of 3 to 18 which can be either straight-chained, branched
or cyclic in formation. ...

6. A rare earth bonded magnet produced [process/method] such that a mixture,
which comprises: a rare earth magnet powder; a resin binder comprising a
thermosetting resin; an organic phosphorus compound; and a coupling agent, is
compress-molded, heated and cured, wherein the organic phosphorus compound is an
organophosphate ester compound defined by a formula below: ##STR0O0011##
where: R.sub.1 and R.sub.2 are an organic group of at least one kind including a
hydrocarbon group; when R.sub.1 and R.sub.2 have two or more kinds of organic
groups, the organic groups can be either identical to or different from one another;
and the hydrocarbon group is one of an alkyl group and aryl group with a carbon
number of 3 to 18 which can be either straight-chained, branched or cyclic in
formation, and wherein the coupling agent is defined by a formula below:
##STR00012## where: R.sub.3 and R.sub.4 are an organic group of at least one kind
including a hydrocarbon group; M is one element selected from Si, Ti and Zr; when
R.sub.3 and R.sub.4 have two or more kinds of organic groups, the organic groups
can be either identical to or different from one another; n is an integer which
corresponds to a number of coupling hands of M and which ranges from 1 to 3; and
the hydrocarbon group is one of an alkyl group and aryl group with a carbon number
of 3 to 18 which can be either straight-chained, branched or cyclic in formation. ...

Filed: 8,388,769 Assignee:
December 19,

Powdered-iron magnet and rotating machine using the same
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2006

Issued:
March 5, 2013

Expires;
Dec 2026

Hitachi, Ltd.

(Tokyo, JAPAN)

Abstract

To mold a high-resistance magnet at low temperature, including room temperature,
the magnet includes magnetic powders, metallic powders having a lower hardness
than the magnetic powders and a high-resistance layer, wherein the magnetic
powders occupy a larger volume than the metallic powders. In particular, the high-
resistance layer contains a fluorine compound and is placed between the magnetic
powder and the metallic powders

The invention claimed is:

1. A magnet comprising magnetic powders, metallic powders having a lower
hardness than the magnetic powders and a high electrical resistance layer comprising
a fluorine compound containing at least one rare earth metal and having a face-
centered cubic crystal structure coated on at least one of the magnetic powders and
the metallic powders, wherein the magnetic powders occupy a larger volume than the
metallic powders [composition of matter] ....

9. A magnet produced by [process/method] molding a mixture of magnetic powders,
metallic powders having a lower hardness than the magnetic powders and a high
electrical resistance layer comprising a fluorine compound containing at least one
rare earth metal and having a face-centered cubic crystal structure coated on at least
one of the magnetic powders and the metallic powders. ...

Filed: 8,388,766
Oct 24, 2011

Issued:
March 5, 2013

Expires:
Oct 2031

Assignee:

Shin-Etsu Chemical
Co., Ltd.

(JAPAN)

Anisotropic rare earth sintered magnet and making method

Abstract

An anisotropic rare earth sintered magnet has a tetragonal R.sub.2Fe.sub.14B
compound as a major magnetic phase, wherein R is Nd or a mixture of Nd with at
least one rare earth element. Grains of the compound phase have two crystallographic
axes, ¢ and a-axes aligned. The biaxially aligned magnet exhibits a coercivity Hc of
at least 1.6 MA/m.

The invention claimed is:
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1. An anisotropic rare earth sintered magnet comprising a tetragonal
R.sub.2Fe.sub.14B compound as a major magnetic phase, wherein R is a rare earth
element which is Nd or a combination of Nd with at least one member selected from
the group consisting of Y, La, Ce, Pr, Sm, Eu, Gd, Ho, Er, Tm, Yb, and Lu
[composition of matter], sintered grains of the tetragonal R.sub.2Fe.sub.14B phase
having two crystallographic axes, and being biaxially aligned, in which the grains are
aligned in c-axis direction and in which the grains are also separately aligned in the a-
axis direction.

4. A method for preparing an anisotropic rare earth sintered magnet [process/method]
comprising a tetragonal R.sub.2Fe.sub.14B compound as a major magnetic phase,
wherein R a rare earth element which is Nd or a combination of Nd with at least one
member selected from the group consisting of Y, La, Ce, Pr, Sm, Eu, Gd, Ho, Er,
Tm, Yb, and Lu, the method comprising the steps of: providing a magnet powder
comprising a tetragonal R.sub.2Fe.sub.14B compound as a major magnetic phase,
grains of the tetragonal R.sub.2Fe.sub.14B phase powder having two crystallographic
axes, c-axis as axis of easy magnetization and a-axis as axis of hard magnetization,
compacting the powder while a first static magnetic field is applied across the
powder so as to align the c-axis in the magnetic field direction, and a second
magnetic field substantially orthogonal to the first static magnetic field is
overlappingly applied to align the a-axis, and sintering the resulting compact to form
a sintered magnet in which the grains are aligned in c-axis direction and in which the
grains are also separately aligned in the a-axis direction.

Filed:
February 24,
2011

Issued:
February 19,
2013

8,377,233 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Preparation of rare earth permanent magnet material

Abstract

A method for preparing a rare earth permanent magnet material [process/method]
comprises the steps of: disposing a powder comprising one or more members
selected from an oxide of R.sup.2, a fluoride of R.sup.3, and an oxyfluoride of
R.sup.4 wherein R.sup.2, R.sup.3 and R.sup.4 each are one or more elements selected
from among rare earth elements inclusive of Y and Sc on a sintered magnet form of a
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Expires: R.sup.1--Fe--B composition wherein R.sup.1 is one or more elements selected from
February 2031 among rare earth elements inclusive of Y and Sc, and then heat treating the magnet
form and the powder at a temperature equal to or below the sintering temperature of
the magnet in vacuum or in an inert gas. The result high performance, compact or
thin permanent magnet has a high remanence and coercivity at a high productivity.
Filed: 8,372,218 Assignee: Magnet core and method for its production
June 19, 2007
Vacuumschmelze Abstract
Issued: GmbH & Co. KG Magnet cores pressed using a powder of nanocrystalline or amorphous particles and a
February 12, pressing additive should be characterized by minimal iron losses. These particles
2013 (Hanau, have first surfaces represented by the original strip surfaces and second surfaces
GERMANY) represented by surfaces produced in a pulverization process, the overwhelming
Expires: majority of these second particle surfaces being smooth cut or fracture surfaces
June 2027 without any plastic deformation, the proportion T of areas of plastic deformation of

the second particle surfaces being 0.ltoreq.T.ltoreq.0.5.
The invention claimed is:

1. A magnet core produced [process/method] from a composite of a powder of
amorphous or nanocrystalline particles and from at least one pressing additive,
wherein the particles comprise a first surface that formed a surface of the strip from
which the particles were produced, and a second surface that did not form a surface
of the strip, but was produced in a pulverisation process that formed the particles
from the strip, wherein said pulverising occurs during a dwell time t in a pulverising
chamber such that t<60 s, wherein these second particle surfaces include surfaces
formed by fracture without any plastic deformation, such that the proportion T of
areas of plastic deformation of the second particle surfaces is 0.ltoreq.T.ltoreq.0.5. ...

5. The magnet core according to claim 1, wherein the particles have the alloy
composition [composition of matter] (Fe.sub.1-aM.sub.a).sub.100-x-y-z-.alpha.-
.beta.-.gamma.CU.sub.xSi-.sub.y- B.sub.zM'.sub.aM".sub..beta.X.sub..gamma.,
wherein M is Co and/or Ni, wherein M' is at least one element from the group
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consisting of Nb, W, Ta, Zr, Hf, Ti and Mo, wherein M' is at least one element from
the group consisting of V, Cr, Mn, Al, elements of the platinum group, Sc, Y, rare
earths, Au, Zn, Sn and Re, wherein X is at least one element from the group
consisting of C, Ge, P, Ga, Sh, In, Be and As, and wherein a, X, y, z, .alpha., .beta.
and .gamma. are specified in atomic percent and meet the following conditions:
0.ltoreq.a.ltoreq.0.5; 0.1.1toreq.x.ltoreq.3; 0.ltoreq.y.ltoreq.30; 0.ltoreq.z.ltoreq.25;
0.ltoreq.y+.ltoreq.z.Itoreq.35; 0.1.1toreq..alpha..ltoreq.30; 0.ltoreq..beta..ltoreq.10;
and 0.ltoreq..gamma..ltoreq.10. ...

16. A method for the production [process/method] of a magnet core, comprising:
providing a strip or foil of an amorphous or nanocrystalline soft magnetic alloy;
pulverising the strip or foil in a pulverising chamber, wherein a sufficient degree of
pulverising occurs by cutting and/or breaking of the amorphous or nanocrystalline
magnetic alloy strip or foil to form powder particles that the number of powder
particle surfaces that are formed during pulverizing and that are formed by fracture
without any plastic deformation, are sufficient that the proportion T of areas of
plastic deformation of these particle surfaces is 0.ltoreq.T.Itoreq.0.5, wherein said
pulverising occurs during a dwell time t in the pulverising chamber such that t<60 s;
removing the powder particles from the pulverising chamber on reaching their final
particle size; mixing the powder particles with one or more pressing additives;
pressing the resulting mixture to form a magnet core. .....

Filed:
March 24,
2011

Issued:
January 29,
2013

Expires:
March 2031

8361242 Assignee:

Vacuumschmeize
GmbH & Co. KG

(Hanau,
GERMANY)

Powders for rare earth magnets, rare earth magnets and methods for manufacturing
the same

Abstract

A powder consists essentially by weight, of 28.00.ltoreq.R.ltoreq.32.00%, where R is
at least one rare earth element including Y and the sum of Dy+Tb>0.5,
0.50.Itoreq.B.ltoreq.2.00%, 0.50.ltoreq.Co.ltoreq.3.50%, 0.050.Itoreq.M.lItoreq.0.5%,
where M is one or more of the elements Ga, Cu and Al, 0.25 wt %<0.ltoreq.0.5%,
0.15% or less of C, balance Fe.

What is claimed:
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1. A method [process/method] to produce powders for use in R--Fe--B--M type
permanent magnets comprising: melting an alloy consisting of, by weight,
28.00.Itoreq.R.Itoreq.32.00%, where R is at least one rare earth element including Y
and the sum of Dy+Tb>0.5, 0.50.1toreq.B.ltoreq.2.00%, 0.50.Itoreq.Co.ltoreq.3.50%,
0.050.Itoreq.M.ltoreq.0.5%, where M is one or more of the elements Ga, Cu and Al,
0.25 wt %<0.ltoreq.0.5%, 0.15% or less of C, 0.15% or less of N, balance Fe, casting
said alloy to form at least one ingot, wherein the solidified ingot comprises finely
dispersed .alpha.-Fe phase, and R.sub.2Fe.sub.14B and R-rich constituents; annealing
said ingot at a temperature in the range of 800.degree. C. to 1200.degree. C. under an
inert atmosphere of Ar or under vacuum to form an ingot which is free of said
.alpha.-Fe phase; hydrogenating said ingots in hydrogen gas in order to hydrogenate
the R-rich constituents; coarsely pulverising said ingot to form a coarsely pulverised
powder; performing a fine pulverisation of said coarsely pulverised powder in an
atmosphere comprising oxygen, thereby forming an oxidized, finely pulverised
powder; wherein said finely pulverised powder comprises an oxygen content of 0.25
wt %<0.ltoreq.0.5 wt %. ......

Filed:
April 23, 2012

Issued:
January 8,
2013

Expires:
April 2031

8,350,430 Assignee:
Hitachi, Ltd.

(Tokyo, JAPAN)

Rotating machine with sintered magnet and method for producing sintered magnet

Abstract

An R--Fe--B sintered magnet has a structure including main phase crystal grains and
a grain boundary area surrounding the crystal grains. The sintered magnet includes
fluorine and a specified metal element selected from elements belonging to Group 2
through Group 16 of periodic table excepting the rare earth element, carbon and
boron. The fluorine has a higher concentration in a region closer to a magnet surface
than in the center. The specified element also has a higher concentration in the region
closer to the surface. The sintered magnet includes oxyfluoride containing carbon, Dy
and the metal element in a grain boundary area region at a distance of 1 .mu.m or
greater from the magnet surface, and the carbon has a higher concentration than the
concentration of the metal element in a region at a distance of 1 .mu.m to 500 .mu.m
from the magnet surface
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What is claimed is:

1. An R--Fe--B sintered magnet comprising [composition of matte] a rare earth,
iron and boron having a structure that includes main phase crystal grains and a grain
boundary area surrounding the crystal grains, wherein: the sintered magnet includes
fluorine and a specified metal element selected from elements belonging to Group 2
through Group 16 of periodic table excepting the rare earth element, carbon and
boron, the fluorine has a concentration that is higher in a region closer to a surface of
the magnet than in the center of the magnet, the specified metal element has a
concentration which is higher in the region closer to the surface of the magnet than in
the center of the magnet, the sintered magnet includes oxyfluoride containing carbon,
Dy and the specified metal element in a region of the grain boundary area at a
distance of equal to or greater than 1 .mu.m from the surface of the magnet, and the
carbon has a concentration that is higher than the concentration of the specified metal
element in a region at a distance of from 1 .mu.m to 500 .mu.m from the surface of
the magnet

6. An R--Fe--B sintered magnet according to claim 1, wherein: the sintered magnet is
a product obtained by [process/method] using a DyF-based solution in which an
organic metal compound contains the specified metal element and heat treating the
solution at a temperature in the range of from 400.degree. C. to 1,100.degree. C.

Filed:
September 26,
2008

Issued:
December 25,
2012

Expires:
Sept 2038

8,337,714 Assignee:

Dowa Electronics
Materials Co., Ltd.

(Tokyo, JAPAN)

Dowa F-Tec Co.,
Ltd.

(Okayama,

Ferrite powders for bonded magnet, process for the production of the powders, and
bonded magnet made by using the same

Abstract

The present invention provides ferrite powders for bonded magnet capable of
suppressing increase of SFD, while widening a particle size distribution for obtaining
flowability and compressed density, and also capable of suppressing deterioration of
orientation and magnetizability, and provides a process for a production
magnetoplumbite-type ferrite powders containing an oxide of at least one or more
kinds of transition metals selected from a group consisting of Zr, Ti, Zn, Co, Mn, and
Ni, having a mean particle size of 0.20 .mu.m or more and less than 5.00 .mu.m,
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JAPAN)

being the ferrite powders for bonded magnet with the ratio of particles having particle
size of 1 .mu.m or less being 20 mass % or more in the magnetoplumbite-type ferrite
powder size distribution obtained by a laser diffraction type particle size distribution
analyzer.

What is claimed is:

1. Ferrite powders for bonded magnet, comprising [composition of matter]
magneto-plumbite type ferrite fine powders having a mean particle size of 0.20
.mu.m or more and less than 1.00 .mu.m, wherein the magneto-plumbite type ferrite
fine powders contain at least one oxide of a transition metal selected from the group
consisting of Zr, Ti, Zn, Co, Mn, and Ni, and magneto-plumbite type ferrite coarse
powders having a mean particle size of 1.00 .mu.m or more and less than 5.00 .mu.m,
wherein a mixed amount of the magneto-plumbite type ferrite fine powders is 15
mass % or more and 40 mass % or less. ....

3. A process [process/method] for a production of ferrite powders for bonded
magnet, comprising the steps of: preparing a magneto-plumbite type ferrit to obtain
fine powders having a mean particle size of 0.20 .mu.m or more and less than 1.00
.mu.m, wherein the fine particles contain at least one oxide of a transition metal
selected from the group consisting of Zr, Ti, Zn, Co, Mn, and Ni; preparing a
magneto-plumbite type ferrite to obtain coarse powders having a mean particle size
of 1.00 .mu.m or more and less than 5.00 .mu.m; and mixing the fine powders and
the coarse powders, to produce ferrite powders with a mixing ratio of the fine
powders and the coarse powders such that a mixed amount of fine powders is 15
mass % or more and 40 mass % or less.

Filed:
August 10,
2010

Issued:
December 11,

8,329,056 Assignee:
Minebea Co., Ltd.

(Nagano, JAPAN)

Anisotropic rare earth-iron based resin bonded magnet

Abstract

Anisotropic rare earth-iron based resin bonded magnet comprises [composition of
matter] : [1] a continuous phase including: (1) a spherical
Sm.sub.2Fe.sub.17N.sub.3 based magnetic material covered with epoxy oligomer
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2012 where its average particle size is 1 to 10 .mu.m, its average aspect ratio AR.sub.ave is
0.8 or more, and mechanical milling is not applied after Sm--Fe alloy is nitrided,;

Expires: (2) a linear polymer with active hydrogen group reacting to the oligomer; and (3)

Aug 2030 additive; and [2] a discontinuous phase being an Nd.sub.2Fe.sub.14B based
magnetic material coated with the epoxy oligomer where its average particle size is
50 to 150 .mu.m, and its average aspect ratio AR.sub.ave is 0.65 or more, further
satisfying: [3] the air-gap ratio of a granular compound on the phases is 5% or less;
and [4] a composition where crosslinking agent with 10 .mu.m or less is adhered on
the granular compound is formed at 50 MPa or less.

Filed: 8,327,524 Assignee: Inductive component and method for the production thereof

August 31,

2007 Vacuumscmelze Abstract

GmbH & Co. KG Disclosed herein is an inductive component whose soft magnetic core is produced by

Issued: [process/method] pouring a casting resin into a mold filled with a soft magnetic alloy

December 11, (Hanau, powder and by subsequently hardening the casting resin with the alloy powder in

2012 GERMANY) order to form a solid soft magnetic core. This technique prevents the surface
insulation of the alloy particles from becoming damaged, thereby largely preventing

Expires: the formation of bulky eddy currents in the resulting soft magnetic cores. This

August 2027 enables a distinct reduction in the electric loss of the inductive component.

Filed: 8,323,806 Assignee: Rare earth magnet and method for producing same

December 11,
2009

Issued:
December 4,
2012

Expires:
Dec 2029

Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Abstract

A rare-earth magnet includes a magnet body made of an R--Fe--B based rare-earth
magnet material (where R is at least one rare-earth element) and a metal film that has
been deposited on the surface of the magnet body. The magnet further includes a
plurality of reaction layers between the magnet body and the metal film. The reaction
layers include: a first reaction layer, which contacts with at least some of
R.sub.2Fe.sub.14B type crystals, included in the magnet body, to have received the
rare-earth element that has been included in the R.sub.2Fe.sub.14B type crystals; and
a second reaction layer, which is located between the first reaction layer and the
metal film and which has a lower rare-earth element concentration than that of the
first reaction layer.
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What is claimed is:

1. A method for producing a rare-earth sintered magnet [process/method] , the
method comprising the steps of: providing a magnet body made of an R--Fe--B based
rare-earth sintered magnet material, where R is at least one rare-earth element;
depositing a metal film on the surface of the magnet body; and a heat treatment
process step that is performed to form, between the magnet body and the metal film,
a plurality of reaction layers including: a first reaction layer, which contacts with at
least some of R.sub.2Fe.sub.14B type crystals included in the magnet body, to have
received the rare-earth element that has been included in the R.sub.2Fe.sub.14B type
crystals; and a second reaction layer, which is located between the first reaction layer
and the metal film and which has a lower rare-earth element concentration than that
of the first reaction layer; wherein the second reaction layer has received boron that
has been included in the R.sub.2Fe.sub.14B type crystals and has a higher boron
concentration than that of the first reaction layer.

Filed: March
30, 2009

Issued:
November 27,
2012

Expires:
March 2029

8,317,941 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-T-B-type sintered magnet and method for production thereof

Abstract

An R-T-B based sintered magnet according to the present invention has a
composition including: 27.3 mass % to 29.5 mass % of R; 0.92 mass % to 1 mass %
of B; 0.05 mass % to 0.3 mass % of Cu; 0.02 mass % to 0.5 mass % of M; and T as
the balance, and has an oxygen content of 0.02 mass % to 0.2 mass %. The main
phase of the sintered magnet is an R.sub.2T.sub.14B type compound. The crystal
grain size of the main phase is represented by an equivalent circle diameter of 8
.mu.m or less. And crystal grains with equivalent circle diameters of 4 .mu.m or less
account for at least 80% of the overall area of the main phase.

The invention claimed is:

1. An R-T-B based sintered magnet having a composition comprising [composition
of matter] : 27.3 mass % to 29.5 mass % of R, which is at least one of the rare-earth
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elements that include Y and of which at least 50 mass % is Pr and/or Nd; 0.92 mass
% to 1 mass % of B; 0.05 mass % to 0.3 mass % of Cu; at most 0.5 mass %
(including 0 mass %) of M, which is one, two, or more elements that are selected
from the group consisting of Al, Ti, V, Cr, Mn, Ni, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn,
Hf, Ta, W, Au, Pb and Bi; and T as the balance, which is Fe with or without Co and
of which at least 50 mass % is Fe, and having an oxygen content of 0.02 mass % to
0.2 mass %, wherein the main phase of the sintered magnet is an R.sub.2T.sub.14B
type compound, and wherein the crystal grain size of the main phase is represented
by an equivalent circle diameter of 8 .mu.m or less and wherein crystal grains with
equivalent circle diameters of 4 .mu.m or less account for at least 80% of the overall
area of the main phase.

2. A method for producing [process/method] an R-T-B based sintered magnet
having a composition comprising: 27.3 mass % to 29.5 mass % of R, which is at least
one of the rare-earth elements that include Y and of which at least 50 mass % is Pr
and/or Nd; 0.92 mass % to 1 mass % of B; 0.05 mass % to 0.3 mass % of Cu; at most
0.5 mass % (including 0 mass %) of M, which is one, two, or more elements that are
selected from the group consisting of Al, Ti, V, Cr, Mn, Ni, Zn, Ga, Zr, Nb, Mo, Ag,
In, Sn, Hf, Ta, W, Au, Pb and Bi; and T as the balance, which is Fe with or without
Co and of which at least 50 mass % is Fe, and having an oxygen content of 0.02 mass
% to 0.2 mass %, wherein the method comprises the steps of: providing, as a material
alloy, a strip cast alloy that comprises R-rich phases in which an average interval
between the R-rich phases is 4 .mu.m or less; exposing the material alloy to a
hydrogen atmosphere, thereby getting the material alloy decrepitated and obtaining a
coarse powder; obtaining a fine powder by finely pulverizing the coarse powder so
that the fine powder has a particle size represented by a D50 of 3 .mu.m or less as
measured by dry jet dispersion laser diffraction analysis and has an oxygen content of
0.2 mass % or less; obtaining a compact by performing a press compaction process
on the fine powder under a magnetic field; and sintering the compact by keeping the
compact heated to a temperature of 850.degree. C. to 1,000.degree. C. for 4 to 48
hours.

Filed:

8,317,937

Assignee:

Alloy for sintered R-T-B-M magnet and method for producing same
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March 29,
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2012

Expires:
March 2030

Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Abstract

In order to make a sintered R-T-B-M magnet so that R.sub.2T.sub.14B phases that
include a lot of Dy in the surface region of the main phase are distributed over the
entire magnet, a region including a heavy rare-earth element RH at a high
concentration is formed continuously beforehand at an interface between the crystals
of an R.sub.2T.sub.14B compound that is the main phase of the sintered R-T-B-M
magnet and the other phases.

The invention claimed is:

1. A material alloy [composition of matter] used to produce a sintered R-T-B-M
magnet having a composition that comprises: 12 at % to 17 at % of R, which
represents rare-earth elements that include both a light rare-earth element RL and a
heavy rare-earth element RH and which includes either Nd or Pr as the light rare-
earth element RL and at least one of Th, Dy and Ho as the heavy rare-earth element
RH; 5 at % to 8 at % of B, part of which is replaceable with C; 2 at % or less of an
additive element M, which is at least one element selected from the group consisting
of Al, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Pb and Bi;
and T (which is a transition metal that includes Fe as a major component and that
possibly includes Co) and inevitable impurities as the balance, wherein a continuous
region where the heavy rare-earth element RH has a high concentration is present at
an interface between crystals of an R.sub.2T.sub.14B compound that is a main phase
and an R-rich phase so as to cover a length of at least 10 .mu.m along the major axis
of the crystals of the R.sub.2T.sub.14B compound.

2. A method for producing a material alloy [process/method] used to produce a
sintered R-T-B-M magnet, the method comprising the steps of: providing an R-T-B-
M master alloy that includes: 12 at % to 17 at % of R, which represents rare-earth
elements that include both a light rare-earth element RL and a heavy rare-earth
element RH and which always includes either Nd or Pr as the light rare-earth element
RL and at least one of Th, Dy and Ho as the heavy rare-earth element RH; 5 at % to 8
at % of B, part of which is replaceable with C; 2 at % or less of an additive element
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M, which is at least one element selected from the group consisting of Al, Ti, V, Cr,
Mn, Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Pb and Bi; and T (which is a
transition metal that includes Fe as a major component and that possibly includes Co)
and inevitable impurities as the balance; providing a metal or alloy of the heavy rare-
earth element RH that includes 20 at % or more of the heavy rare-earth element RH;
and putting the R-T-B-M master alloy and the metal or alloy of the heavy rare-earth
element RH in a processing space with a gap between the R-T-B-M master alloy and
the metal or alloy of the heavy rare-earth element RH and subjecting the master alloy
and the metal or alloy of the heavy rare-earth element RH to a heat treatment at a
temperature of 600.degree. C. to 1,000.degree. C. within an atmosphere at a pressure
of 10 Pa or less for at least 10 minutes and up to 48 hours. ....

Filed:
Sept
15, 2009

Issued:
November 20,
2012

Expires:
Sept 2029

8,313,801 Assignee:
Magnequench, Inc.

(Republic of
Singapore)

Coating formulation and application of organic passivation layer onto iron-based rare
earth powders

Abstract

The present disclosure relates to coating formulations for neodymium-iron-boron
type magnetic powders manufactured from rapid solidification processes for the
purpose, inter alia, of corrosion and oxidation resistance when exposed to aggressive
environments. The coating formulation preferably contains an epoxy binder, curing
agent, an accelerating agent, and a lubricant. By incorporating coupling agents and
optionally, other specialty additives with the magnetic powder and the organic epoxy
components, additional oxidation and corrosion prevention, enhanced adhesion and
dispersion between the filler and matrix phases can be achieved. This disclosure
relates to all such rare earth-transition metal-boron (RE-TM-B) powders produced by
rapid solidification and encompasses both the bonded magnet products that include
combinations of the materials mentioned and the application processes.

What is claimed is:
1. A process of making [process/method] a liquid-coated rapidly solidified rare

earth-transition metal-boron magnet material, the process comprising: providing a
homogeneous solution comprising a solvent, one or more of an organotitanate or
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organozirconate coupling agents, an epoxy resin, a hardener, an accelerator, and a
lubricant; combining a rare earth-transition metal-boron magnet powder with said
homogeneous solution to form a slurry mixture; stirring said slurry mixture
periodically; and maintaining said slurry mixture at a temperature between 40-
60.degree. C., such that said solvent evaporates and a coating is formed on the
magnet powder; wherein the coupling agent has a general form of (RO--).sub.n(Ti or
Zr)(--OR"Y).sub.4-n where R is a neopentyl(diallyl), dioctyl, or (2,2-
diallyloxymethyl)butyl group, Ti or Zr has a coordination number of 4, R' is a
phosphito, pyrophosphato or cyclic pyrophosphato segment, and Y is a dioctyl or
ditridecyl end group, with 1.ltoreg.n.Itoreg.4; and wherein the amount of the coupling
agent in the coating that is formed is about 0.1 weight percent to about 1 weight
percent of the coated magnet powder.....

12. A process of making [process/method] a liquid-coated rapidly solidified rare
earth-transition metal-boron magnet material, the process comprising: providing a
homogeneous solution comprising a solvent, one or more of an organotitanate or
organozirconate coupling agents, an epoxy resin, a hardener, an accelerator, and a
lubricant; combining a rare earth-transition metal-boron magnet powder with said
homogeneous solution to form a slurry mixture; and evaporating the solvent to form
a coating on the magnet powder; wherein the coupling agent has a general form of
(RO--).sub.n(Ti or Zr)(--OR'Y).sub.4-n where R is a neopentyl(diallyl), dioctyl, or
(2,2-diallyloxymethyl)butyl group, Ti or Zr has a coordination number of 4, R"is a
phosphito, pyrophosphato or cyclic pyrophosphato segment, and Y is a dioctyl or
ditridecyl end group, with 1.ltoreq.n.Itoreg.4; and wherein the amount of the coupling
agent in the coating that is formed is about 0.1 weight percent to about 1 weight
percent of the coated magnet powder. ...

Filed: Feb 13, | 8,303,837 Assignee: Rotating machine, bonded magnet, magnet roll, and method for producing sintered
2007 ferrite magnet
Hitachi Metals, Ltd.
Issued: Abstract
Nov 6, 2012 (Japan) A rotating machine comprising a sintered ferrite magnet having an M-type ferrite

structure, comprising Ca, an R element that is at least one of rare earth elements and
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Expires:
Feb. 2027

indispensably includes La, Ba, Fe and Co as indispensable elements, and having a
composition represented by the formula: Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-
zCo.sub.z, wherein (1-x-y), X, y, z and n represent the contents of Ca, the R element,
Ba and Co, and a molar ratio, meeting 0.3.Itoreq.1-x-y.ltoreq.0.65,
0.2.Itoreq.x.Itoreq.0.65, 0.001.Itoreq.y.ltoreq.0.2, 0.03.ltoreq.z.ltoreq.0.65,
4.ltoreq.n.ltoreq.7, and 1-x-y>y; a bonded magnet comprising ferrite powder having
the above composition and a binder, and a magnet roll, at least one magnetic pole
portion of which is made of the above bonded magnet.

What is claimed is:

1. A magnet roll , at least one magnetic pole portion of which is made of a
[composition of matter] bonded magnet comprising ferrite powder and a binder, said
ferrite powder having an M-type ferrite structure, comprising Ca, an R element that is
at least one of rare earth elements and indispensably includes La, Ba, Fe and Co as
indispensable elements, and having a composition represented by the following
general formula: Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z (by atomic ratio),
wherein (1-x-y), X, Y, z and n represent the contents of Ca, the R element, Ba and Co,
and a molar ratio, meeting 0.3.1toreq.1-x-y.ltoreq.0.65, 0.2.Itoreg.x.Itoreq.0.65,
0.001.ltoreq.y.ltoreq.0.2, 0.03.Itoreq.z.Itoreq.0.65, 4.ltoreq.n.ltoreq.7, and 1-x-y>y

Filed:
Jan 29, 2010

Issued:
November 6,
2012

Expires: Jan
2030

8,303,732 Assignee:
Hitachi, Ltd.

(Japan)

Rare earth magnet

Abstract

A rare earth magnet having a composition represented by RTB wherein R denotes a
rare earth element, T a transition metal and B boron, the magnet being composed of
magnet powder constituted by crystalline particles. The particles of the magnetic
powder have a ratio of a short diameter being 10 .mu.m or more to a long diameter is
0.5 or less. An element Rm having a magnetic anisotropy higher than that of the rare
earth element is contained in the surface and inside of the magnet constituted by the
magnet powder in an approximately constant concentration. An oxy-fluoride and
carbon are present at boundaries of the particles of the magnet powder.
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What is claimed is:

1. A rare earth magnet having a composition [composition of matter] represented
by RTB wherein R denotes a rare earth element, T a transition metal and B boron, the
magnet being composed of particles of magnetic powder constituted by crystalline
particles, wherein the particles of the magnetic powder have a flat form in which a
ratio of a short diameter to a long diameter is 0.5 or less, wherein an element Rm
having a magnetic anisotropy higher than that of the rare earth element is contained
in the surface and inside of the magnet constituted by the magnet powder, a
concentration of Rm in the surface of the crystalline particles being higher than that
of the inside thereof, wherein a size of the crystalline particles in c-axis is 20 to 100
nm, and a size in a direction perpendicular to the c-axis is 100 to 400 nm, and
wherein an oxy-fluoride and carbon are present at least at crystal grain boundaries of
the particles of the magnet powder. ...

6. A rare earth magnet having a composition represented by RTB [composition of
matter] wherein R denotes a rare earth element, T a transition metal and B boron,
wherein the magnet is composed of magnet powder constituted by crystalline
particles, wherein the particles of the magnetic powder have a flat form, wherein an
oxy-fluoride and carbon are present at least at crystal grain boundaries of the particles
of the magnet powder, wherein an element Rm having a magnetic anisotropy higher
than that of the rare earth element is contained in the surface and inside of the magnet
constituted by the magnet powder, wherein a concentration of Rm in the surface of
the magnet powder is higher than inside of the magnet powder, and wherein a size of
the crystalline particles in c-axis is 20 to 100 nm, and a size in a direction
perpendicular to the c-axis is 100 to 400 nm.

Filed: Feb 7,
2012

Issued:
Oct30, 2012

8,298,469 Assignee:

Siemens
Aktiengesellschaft

(Germany)

Method for manufacturing magnet poles

Abstract

A method for manufacturing sintered magnet poles is described. The mold is filled
with a vitrifiable base material powder and closed with a plate. A magnetic field
aligns the powder and a plate pressed onto the powder establishes a compact that
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holds the alignment in place. The compact is sintered to form a sintered magnet pole.
The mold forms a protective cover of the sintered magnet pole and the plate forms a
base plate of a magnet pole piece. Furthermore, a magnet pole piece is provided
which has a magnet pole and a base plate which is fixed to a protective cover so that
the base plate and the protective cover surround the magnet pole. The base plate
and/or the protective cover of the magnet pole piece has at least one element that
provides a geometrical locking of the magnet pole to the base plate and/or the
protective cover.

The invention claimed is:

1. A method for manufacturing [process/method] sintered magnet poles,
comprising: providing a mould having a first opening; filling a vitrifiable randomly
oriented base material powder into the mould through the first opening; closing the
first opening with a plate; placing the mould with the randomly oriented powder into
a magnetic field to align the randomly oriented powder into aligned powder; pressing
the plate onto the aligned powder to establish a compact that holds the alignment of
the aligned powder in place; sintering the compact while the compact is oriented over
the plate inside the mould to form a sintered magnet pole that adheres to the plate as
a result of the sintering process, wherein a gap is formed between the sintered magnet
pole and the mould due to shrinkage of the compact during sintering; simultaneously
pressing the mould inside a die during sintering, wherein the mould is initially
provided in a rough shape, and wherein the rough shape is converted to a final shape
as a result of said pressing; quenching and then heat treating the sintered magnet
pole; fixing the mould to the plate before or after quenching or heat treatment;
introducing a filling material into the gap by vacuum injection after fixing the mould
to the plate; and using the protective cover and base plate as part of the final product,
wherein the mould ultimately forms a protective cover of the sintered magnet pole
and the plate ultimately forms a base plate of a magnet pole piece.

Filed:
July 23, 2008

8,298,352 Assignee:

Vacuumschmelze

Method for the production of magnet cores, magnet core and inductive component
with a magnet core
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Issued:
October 30,
2012

Expires:
July 2028

GmbH & Co. KG

(Germany)

Abstract

A magnet core (1) made of a composite of platelet-shaped particles of a thickness D
and a binder has a particularly linear relative permeability curve over a pre-
magnetised constant field. For this purpose, the platelet-shaped particles (5) are
provided with an amorphous volume matrix (8), wherein areas (9) with a crystalline
structure having a thickness d of 0.04*D.ltoreq.d.ltoreq.0.25*D and covering a
proportion x of x.gtoreq.0.1 of the surface (6, 7) of the particle (5) are embedded on
the surface (6, 7) of the particle (5).

The invention claimed is:

1. A magnet core comprising a [composition of matter] composite of: (a) platelet-
shaped particles of a magnetic alloy, each comprising an amorphous volume matrix
and two opposing main surfaces which are separated by a thickness D, wherein
extending into the amorphous volume matrix from at least one of the surfaces are
embedded areas having a crystalline structure, which embedded areas extend into the
amorphous volume matrix a thickness d, such that 0.04*D.ltoreq.d.ltoreq.0.25*D and
which embedded areas cover a proportion x of the surface of the platelet-shaped
particles such that x.gtoreq.0.1; and (b) a binder.

Filed: May 9,
2011

Issued: Oct
30, 2012

Expires:
May 2031

8,298,351 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Japan)

R-T-B rare earth sintered magnet

Abstract

A rare earth sintered magnet consists essentially of 26-36 wt % R, 0.5-1.5 wt % B,
0.1-2.0 wt % Ni, 0.1-3.0 wt % Si, 0.05-1.0 wt % Cu, 0.05-4.0 wt % M, and the
balance of T and incidental impurities wherein R is a rare earth element, T is Fe or Fe
and Co, M is selected from Ga, Zr, Nb, Hf, Ta, W, Mo, Al, V, Cr, Ti, Ag, Mn, Ge,
Sn, Bi, Pb, and Zn. Simultaneous addition of Ni, Si, and Cu ensures magnetic
properties and corrosion resistance.

The invention claimed is:

1. A R-T-B rare earth sintered magnet in the form of a sintered body having a

(CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the
U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.

This table is © 07-02-2014. The newest Table is online at http://cmi.ameslab.com/resources/magnet-table



http://cmi.ameslab.com/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8,298,351&OS=8,298,351&RS=8,298,351
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=36&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22.ABTX.&s2=magnet.ABTX.&OS=ABST/%22rare+earth%22+AND+ABST/magnet&RS=ABST/%22rare+earth%22+AND+ABST/magnet

U.S. Rare Earth Magnet Patents Table
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare- earth-magnet patents issued by the U.S. Patent and Trademark Office. It was
created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the United
States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

© 07-02-2014  page 42

composition [composition of matter] consisting essentially of, in % by weight, 26 to
36% of R, 0.5t0 1.3% of B, 0.1 to 2.0% of Ni, 0.1 to 3.0% of Si, 0.05 to 1.0% of Cu,
0.05 to 4.0% of M, and the balance of T and incidental impurities, wherein R is one
or more element selected from rare earth elements including Y and Sc, T is Fe or Fe
and Co, M is one or more element selected from the group consisting of Ga, Zr, Nb,
Hf, Ta, W, Mo, Al, V, Cr, Ti, Ag, Mn, Ge, Sn, Bi, Pb, and Zn, and a phase of
compound containing R, Co, Si, Ni and Cu precipitates within the sintered body.

Filed:
July 11, 2007

Issued:
October 16,
2012

Expires:
July 2027

8,287,664 Assignee:

Vacuumschmelze
GmbH & Co. KG

(Germany)

Method for the production of magnet cores, magnet core and inductive component
with a magnet core

Abstract

A magnet core is required to be particularly dense, made of alloys produced in a
rapid solidification process and have a minimal coercitive field strength. To achieve
these aims, a coarse-grain powder fraction is first produced from an amorphous strip
of a soft magnetic alloy. In addition, at least one fine-grain powder fraction is
produced from a nanocrystalline strip of a soft magnetic alloy. The particle fractions
are then mixed to produce a multi-modal powder, wherein the particles of the coarse-
grain particle fraction have an amorphous structure and the particles of the fine-grain
powder fraction have a nanocrystalline structure. The multi-modal powder is then
pressed to produce a magnet core.

The invention claimed is:

1. A method for the production of a magnet core [process/method] , comprising:
producing from an amorphous soft magnetic strip at least one coarse-grain powder
fraction having particle diameters between 70 and 200 .mu.m; producing from a
nanocrystalline soft magnetic strip made of an alloy capable of nanocrystallisation at
least one fine-grain powder fraction having particle diameters between 20 and 63
.mu.m; mixing of the coarse- and fine-grain powder fractions to produce a powder
mixture with a multi-modal particle size distribution, wherein the particles of the
coarse-grain particle fraction have an amorphous structure and the particles of the
fine-grain powder fraction have a nanocrystalline structure; pressing of the multi-
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modal powder mixture to produce a magnet core.

Filed:
Jan 14, 2010

Issued:
October 16,
2012

Expires:
Jan 2030

8,287,661 Assignee:
Hitachi Metals, Ltd.

(Japan)

Method for producing R-T-B sintered magnet

Abstract

A method for producing a sintered R-T-B based magnet includes the steps of:
providing R-T-B based alloy powders A and B so that the R-T-B based alloy powder
B has a particle size D50 that is smaller by at least 1.0 .mu.m than that of the R-T-B
based alloy powder A and that there is a difference .DELTA.RH of at least 4 mass %
between the higher content of a heavy rare-earth element RH in the R-T-B based
alloy powder B and the lower content of the heavy rare-earth element RH in the R-T-
B based alloy powder A; mixing these two R-T-B based alloy powders A and B
together; compacting the mixed R-T-B based alloy powder to obtain a compact with
a predetermined shape; and sintering the compact.

The invention claimed is:

1. A method for producing [process/method] a sintered R-T-B based magnet, the
method comprising the steps of: providing R-T-B based alloy powders A and B,
wherein the powder A includes 27.3 mass % to 31.2 mass % of R (which is at least
one of the rare-earth elements), 0.92 mass % to 1.15 mass % of B, and T as the
balance (where T is either Fe alone or Fe and Co and where Co accounts for at most
20 mass % of T if T includes Fe and Co) and wherein the powder B includes 27.3
mass % to 36.0 mass % of R (which is at least one of the rare-earth elements), 0.92
mass % to 1.15 mass % of B, and T as the balance (where T is either Fe alone or Fe
and Co and where Co accounts for at most 20 mass % of T if T includes Fe and Co);
mixing these two R-T-B based alloy powders A and B together; compacting the
mixed R-T-B based alloy powder to obtain a compact with a predetermined shape;
and sintering the compact, wherein R included in the R-T-B based alloy powder B
includes 4 mass % to 36 mass % of heavy rare-earth element RH, which is at least
one of Dy and Th, and wherein the content of the heavy rare-earth element RH in the
R-T-B based alloy powder B is larger by at least 4 mass % than the content of the
heavy rare-earth element RH in the R-T-B based alloy powder A, and wherein the
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particle size D50 of the R-T-B based alloy powder B is smaller by at least 1.0 .mu.m
than the particle size D50 of the R-T-B based alloy powder A.

Filed:
Oct 27, 2010

Issued:
October 2,
2012

Expires:
Oct 2030

8,277,578 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Japan)

Rare earth permanent magnet and its preparation

Abstract

A rare earth permanent magnet is prepared by disposing a powdered metal alloy
containing at least 70 vol % of an intermetallic compound phase on a sintered body
of R--Fe--B system and heating the sintered body having the powder disposed on its
surface below the sintering temperature of the sintered body in vacuum or in an inert
gas for diffusion treatment. The advantages include efficient productivity, excellent
magnetic performance, a minimal or zero amount of Tb or Dy used, an increased
coercive force, and a minimized decline of remanence.

The invention claimed is:

1. A rare earth permanent magnet, which is prepared by [process/method] disposing
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an alloy powder on a surface of an original sintered body of the composition R.sub.a-
T.sup.1.sub.b-B.sub.cwherein R is at least one element selected from rare earth
elements inclusive of Y and Sc, T.sup.1 is at least one element selected from Fe and
Co, B is boron, "a," "b" and "c" indicative of atomic percent are in the range:
12.ltoreq.a.ltoreq.20, 4.0.1toreq.c7.0, and the balance of b, said alloy powder having
the composition M.sup.1.sub.d- M.sup.2.sub.ewherein each of M.sup.1 and M.sup.2is
at least one element selected from the group consisting of Al, Si, C, P, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi,
M.sup.1 is different from M.sup.2, "d" and "e" indicative of atomic percent are in the
range: 0.1.ltoreg.e.ltoreq.99.9 and the balance of d, and containing at least 70% by
volume of an intermetallic compound phase, and heat treating the sintered body
having the alloy powder disposed on its surface at a temperature equal to or below
the sintering temperature of the original sintered body in vacuum or in an inert gas,
wherein at least one element of M.sup.1 and at least one element of M.sup.2 in the
alloy powder is diffused to grain boundaries in the interior of the sintered body
and/or near grain boundaries within sintered body primary phase grains, and not into
the interior of primary phase grains, so that the coercive force of the magnet is
increased over the magnet properties of the original sintered body.

2. The rare earth permanent magnet according to claim 1, wherein [composition of
matter] the at least one element of M.sup.1 and the at least one element of M.sup.2
in the alloy powder is diffused to grain boundaries in the interior of the sintered body
and near grain boundaries within sintered body primary phase grains so that the
coercive force of the magnet is increased over the magnet properties of the original
sintered body.

Filed:
May 18, 2007

Issued:
September 18,
2012

8,268,093 Assignee:
Hitachi Metals, Ltd.

(Japan)

R-Fe-B porous magnet and method for producing the same

Abstract

An R--Fe--B based porous magnet according to the present invention has an
aggregate structure of Nd.sub.2Fe.sub.14B type crystalline phases with an average
grain size of 0.1 .mu.m to 1 .mu.m. At least a portion of the magnet is porous and has
micropores with a major axis of 1 .mu.m to 20 .mu.m.
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Expires:
May 2027

The invention claimed is:

1. A method [process/method] for producing an R--Fe--B based porous magnet, the
method comprising the steps of: providing an R--Fe--B based rare-earth alloy powder
with a mean particle size that is less than 10 .mu.m; making a powder compact by
compacting the R--Fe--B based rare-earth alloy powder; producing hydrogenation
and disproportionation reactions by heat-treating the powder compact at a
temperature of 650.degree. C. to less than 900.degree. C. within a hydrogen gas;
producing desorption and recombination reactions by heat-treating the powder
compact at a temperature of 650.degree. C. to less than about 900.degree. C. within
either a vacuum or an inert atmosphere, which forms an R--Fe--B based porous
magnet that has a density of 3.5 g/cm.sup.3 to 7.0 g/cm.sup.3 and that has micropores
with a major axis of 1 .mu.m to 20 .mu.m; and decreasing a temperature of the R--Fe-
-B based porous magnet to room temperature, which forms the R--Fe--B based
porous magnet that has a density of 3.5 g/cm.sup.3 to 7.0 g/cm.sup.3 at room
temperature. ..

4. The method of claim 1, wherein the R--Fe--B based rare-earth alloy powder is
obtained by pulverizing a rapidly solidified alloy. ...

8. A method of making an R--Fe--B based magnet powder, the method comprising
the steps of: making a powder compact by compacting an R--Fe--B based rare-earth
alloy powder with a mean particle size that is less than 10 .mu.m; producing
hydrogenation and disproportionation reactions by heat-treating the powder compact
at a temperature of 650.degree. C. to less than 900.degree. C. within a hydrogen gas;
producing desorption and recombination reactions and forming an R--Fe--B based
porous magnet by heat-treating the powder compact at a temperature of 650.degree.
C. to less than about 900.degree. C. within either a vacuum or an inert atmosphere,
which forms an R--Fe--B based porous magnet that has a density of 3.5 g/cm.sup.3 to
7.0 g/cm.sup.3 and that has micropores with a major axis of 1 .mu.m to 20 .mu.m;
and pulverizing the R--Fe--B based porous magnet ...
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Filed: Dec 19,
2007

Issued:
Sept 11, 2012

Expires:
Dec 2027

8,262,808 Assignee:
ULVAC, Inc.

(Japan)

Permanent magnet and method of manufacturing same

Abstract

There is provided a method of manufacturing a permanent magnet which has an
extremely high coercive force and high magnetic properties is manufactured at high
productivity. There are executed: a first step of causing at least one of Dy and Tb to
adhere to at least part of a surface of iron-boron-rare-earth based sintered magnet;
and a second step of diffusing, through heat-treatment at a predetermined
temperature, at least one of Dy and Tb adhered to the surface of the sintered magnet
into grain boundary phase of the sintered magnet. As the sintered magnet, there is
used one which is manufactured by: mixing each powder of principal phase alloy
(constituted primarily by R.sub.2T.sub.14B phase, where R is at least one rare earth
element primarily including Nd and where T is a transition metal primarily including
Fe), and a liquid phase alloy (having a higher content of R than R.sub.2T.sub.14B
phase and primarily constituted by R-rich phase) in a predetermined mixing ratio;
press-forming in magnetic field a mixed powder thus obtained; and sintering a press-
formed body in vacuum or inert gas atmosphere

What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet comprising:
manufacturing an iron-boron-rare-earth based sintered magnet by: mixing a first
powder and a second powder in a predetermined mixing ratio into a mixed powder,
the first powder comprising a principal phase alloy including an R.sub.2T.sub.14B
phase, where R is at least one rare earth element including Nd and where T is a
transition metal including Fe, and the second powder comprising a liquid phase alloy
including a higher content of R than the R.sub.2T.sub.14B phase of the first powder
and a R-rich phase; press-forming the mixed powder oriented in a magnetic field into
a press-formed body; and sintering the press-formed body in one of vacuum and inert
gas atmosphere providing the manufactured sintered magnet and an evaporating
material disposed at a distance from each other; providing, through a vapor
atmosphere, the evaporating material comprising at least one of Dy and Tb to at least
part of a surface of the sintered magnet; and diffusing, through heat-treatment at a

(CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the
U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.

This table is © 07-02-2014. The newest Table is online at http://cmi.ameslab.com/resources/magnet-table



http://cmi.ameslab.com/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8,262,808&OS=8,262,808&RS=8,262,808
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=42&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22.ABTX.&s2=magnet.ABTX.&OS=ABST/%22rare+earth%22+AND+ABST/magnet&RS=ABST/%22rare+earth%22+AND+ABST/magnet

U.S. Rare Earth Magnet Patents Table
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare- earth-magnet patents issued by the U.S. Patent and Trademark Office. It was
created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the United
States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

© 07-02-2014  page 48

first predetermined temperature, the at least one of Dy and Tb adhered to at least part
of the surface of the sintered magnet into a grain boundary phase of the sintered
magnet, before a thin film made of the evaporating material is formed on the at least
part of the surface of the sintered magnet.

Filed:
Oct 27, 2010

Issued:
Aug 28, 2012

Expires:
Oct 2030

8,252,123 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Japan)

Rare earth permanent magnet and its preparation

Abstract

A rare earth permanent magnet is prepared by disposing a powdered metal alloy
containing at least 70 vol % of an intermetallic compound phase on a sintered body
of R--Fe--B system, and heating the sintered body having the powder disposed on its
surface below the sintering temperature of the sintered body in vacuum or in an inert
gas for diffusion treatment. The advantages include efficient productivity, excellent
magnetic performance, a minimal or zero amount of Tb or Dy used, an increased
coercive force, and a minimized decline of remanence.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet,
comprising the steps of: disposing an alloy powder having an average particle size of
up to 500 .mu.m on a surface of an original sintered body of the composition R.sub.a-
T.sup.1.sub.b-B.sub.c wherein R is at least one element selected from rare earth
elements inclusive of Y and Sc, T.sup.l is at least one element selected from Fe and
Co, B is boron, "a," "b" and "c" indicative of atomic percent are in the range:
12.1toreg.a.ltoreq.20, 4.0.1toreq.c.ltoreq.7.0, and the balance of b, said alloy powder
having the composition R.sup.1.sub.xT.sup.2.sub.yM.sup.1.sub.z wherein R.sup.1 is
at least one element selected from rare earth elements inclusive of Y and Sc, T.sup.2
is at least one element selected from Fe and Co, M.sup.1 is at least one element
selected from the group consisting of Al, Si, C, P, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Ge,
Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi, x, y and z indicative of atomic
percent are in the range: 5.ltoreq.x.ltoreq.85, 15<z.ltoreq.95, and the balance is y
being greater than 0, and containing at least 70% by volume of an intermetallic
compound phase, and heat treating the sintered body having the alloy powder
disposed on its surface at a temperature equal to or below the sintering temperature of
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the original sintered body in vacuum or in an inert gas, for causing at least one
element of R.sup.1 and at least one element of M.sup.1 in the powder to diffuse to
grain boundaries in the interior of the sintered body and/or near grain boundaries
within sintered body primary phase grains, said disposing step includes grinding an
alloy having the composition R.sup.1.sub.xT.sup.2.sub.yM.sup.1.sub.z wherein
R.sup.1, T.sup.2, M.sup.1, X, y and z are as defined above and containing at least
70% by volume of an intermetallic compound phase into a powder having an average
particle size of up to 500 .mu.m, dispersing the powder in an organic solvent or
water, applying the resulting slurry to the surface of the sintered body, and drying.

Filed: April
12, 2007

Issued:
July 31, 2012

Expires:
Ap 2027

8,231,740 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Japan)

Method for preparing rare earth permanent magnet material

Abstract

A rare earth permanent magnet material is prepared by covering a sintered magnet
body of R.sup.1--Fe--B composition wherein R.sup.1 is a rare earth element, with a
powder comprising at least 30% by weight of an alloy of
R.sup.2.sub.aT.sub.bM.sub.cA.sub.dH.sub.e wherein R.sup.2 is a rare earth element,
T is Fe and/or Co, and M is Al, Cu or the like, and having an average particle size up
to 100 .mu.m, and heat treating the powder-covered magnet body at a suitable
temperature, for causing R.sup.2, T, M and A in the powder to be absorbed in the
magnet body.

The invention claimed is:

1. A method [process/method] for preparing a rare earth permanent magnet material,
comprising the steps of: disposing a powder on a surface of a sintered magnet body
of R.sup.1--Fe--B composition wherein R.sup.1 is at least one element selected from
rare earth elements inclusive of Sc and Y, said powder comprising at least 30% by
weight of an alloy of R.sup.2.sub.aT.sub.bM.sub.cA.sub.dH.sub.e wherein R.sup.2 is
at least one element selected from rare earth elements inclusive of Scand Y, T is iron
or iron and cobalt wherein the content of iron is 30 to 70 atom % based on T, M is at
least one element selected from the group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V,
Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sh, Hf, Ta, and W, A is boron
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and/or carbon, H is hydrogen, and "a" to "e" is representative of atomic percentages
based on the alloy and the range of "a", "c", "d" and "e" is 15.ltoreg.a.ltoreq.70,
0.1.Itoreq.c.ltoreq.10, 0.ltoreq.d.ltoreq.12, e=0, and the balance is b, and said powder
having an average particle size equal to or less than 100 .mu.m, heat treating the
magnet body having the powder disposed on its surface at a temperature equal to or
below the sintering temperature of the magnet body in vacuum or in an inert gas, for
absorption treatment for causing R.sup.2 and at least one of T, M and A in the
powder to be absorbed in the magnet body, and effecting an aging treatment at a
lower temperature after the absorption treatment.

June 25, 2008

Issued:
June 26, 2012

Expires:
June 2038

Hitachi Metals, Ltd.

(Japan)

Filed: 8,211,327 Assignee: Preparation of rare earth permanent magnet material

March 22,

2005 Shin-Etsu Chemical | Abstract

Co., Ltd. A method for preparing a rare earth permanent magnet material comprising the steps

Issued: of [process/method]: disposing a powder comprising one or more members selected

July 3, 2012 (Japan) from an oxide of R.sup.2, a fluoride of R.sup.3, and an oxyfluoride of R.sup.4
wherein R.sup.2, R.sup.3 and R.sup.4 each are one or more elements selected from

Expires: among rare earth elements inclusive of Y and Sc on a sintered magnet form of a

March 2025 R.sup.1--Fe--B composition wherein R.sup.1 is one or more elements selected from
among rare earth elements inclusive of Y and Sc, and heat treating the magnet form
and the powder at a temperature equal to or below the sintering temperature of the
magnet in vacuum or in an inert gas. The invention offers a high performance,
compact or thin permanent magnet having a high remanence and coercivity at a high
productivity.

Filed: 8,206,606 Assignee: Oxide magnetic material

Abstract

An oxide magnetic material [composition of matter] includes a ferrite with a
hexagonal structure as its main phase. Metallic elements included in the oxide
magnetic material are represented by the formula: Ca.sub.1-x-
x'La.sub.xSr.sub.x'Fe.sub.2n-yCo.sub.y, where atomic ratios x, x' and y and a molar
ratio n satisfy 0.4.Itoreq.x.Itoreq.0.6, 0.01.1toreq.x".Itoreq.0.3, 0.2.Itoreq.y.ltoreq.0.45
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and 5.2.1toreq.n.ltoreq.5.8, respectively.
What is claimed is:

1. An oxide magnetic material [composition of matter] comprising a ferrite with a
hexagonal structure as its main phase, wherein metallic elements included in the
oxide magnetic material are represented by the formula: Ca.sub.1-x-
x'La.sub.xSr.sub.x'Fe.sub.2n-yCo.sub.y, where atomic ratios x, x' and y and a molar
ratio n satisfy: 0.4.Itoreq.x.Itoreq.0.55; 0.01.Itoreq.x".Itoreq.0.2;
0.2.1toreq.y.ltoreq.0.4; x/y.gtoreq.1.3; 1-x-x".gtoreq.x"; and 5.2.1toreg.n.ltoreq.5.8;
respectively. ...

11. An sintered magnet comprising [composition of matter]a ferrite with a
hexagonal structure as its main phase, wherein metallic elements included in the
sintered magnet are represented by the formula: Ca.sub.1-x-
x'La.sub.xSr.sub.x'Fe.sub.2n-yCo.sub.y, where atomic ratios x, x' and y and a molar
ratio n satisfy: 0.4.Itoreq.x.Itoreq.0.55; 0.01.Itoreq.x".Itoreq.0.2;
0.2.1toreq.y.ltoreq.0.4; x/y.gtoreq.1.3; 1-x-x".gtoreq.x"; and 4.3.ltoreq.n.ltoreq.5.8;
respectively; and the sintered magnet is made by adding at least one of 1.8 mass % of
less of CaCO.sub.3, 0.5 mass % or less of SrCO.sub.3, and 1.0 mass % of less of
Si0O.sub.2 to a calcined body of an oxide magnetic material and then sintering the
mixture.

Filed:
March 1, 2007

Issued:
June 26, 2012

Expires:
March 2027

8,206,516 Assignee:
Hitachi Metals, Ltd.

(Japan)

R--Fe--B rare earth sintered magnet and method for producing same

Abstract

In a method for producing an R--Fe--B based rare-earth sintered magnet according to
the present invention, first, provided is an R--Fe--B based rare-earth sintered magnet
body including, as a main phase, crystal grains of an R.sub.2Fe.sub.14B type
compound that includes a light rare-earth element RL, which is at least one of Nd and
Pr, as a major rare-earth element R. Thereafter, the sintered magnet body is heated
while a heavy rare-earth element RH, which is at least one element selected from the
group consisting of Dy, Ho and Tb, is supplied to the surface of the sintered magnet
body, thereby diffusing the heavy rare-earth element RH into the rare-earth sintered
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magnet body.
The invention claimed is:

1. A method for producing [process/method] an R--Fe--B based rare-earth sintered
magnet, the method comprising the steps of: (a) providing an R--Fe--B based rare-
earth sintered magnet body including, as a main phase, crystal grains of an
R.sub.2Fe.sub.14B type compound that includes a light rare-earth element RL, which
is at least one of Nd and Pr, as a major rare-earth element R; (b) arranging a bulk
body including a heavy rare-earth element RH, which is at least one element selected
from the group consisting of Dy, Ho and Tb, along with the R--Fe--B based rare-
earth sintered magnet body in a container; and (c) heating the container, by a heat
treatment furnace in which the container is loaded, so that the bulk body and the R--
Fe--B based rare-earth sintered magnet body arranged in the container are heated to a
temperature of 700.degree. C. to 1,000.degree. C. to vaporize the heavy rare-earth
element RH from the bulk body, thereby diffusing the heavy rare-earth element RH
into the R--Fe--B based rare-earth sintered magnet body while supplying the heavy
rare-earth element RH from the bulk body to the surface of the R--Fe--B based rare-
earth sintered magnet body so that substantially no thin film made of the heavy rare-
earth element RH is formed on the R--Fe--B based rare-earth sintered magnet body,
wherein the step (c) includes arranging the bulk body and the R--Fe--B based rare-
earth sintered magnet body out of contact with each other in the container and setting
an average gap between the two bodies within the range of 0.1 mm to 300 mm, and
wherein the step (c) includes setting a difference in temperature between the R--Fe--
B based rare-earth sintered magnet body and the bulk body within 20.degree. C.

Filed:
July 1, 2008

Issued:
May 29, 2012

Expires:

8,187,392 Assignee:
Hitachi Metals, Ltd.

(Japan)

R-Fe-B type rare earth sintered magnet and process for production of the same

Abstract

In an R--Fe--B based rare-earth sintered magnet according to the present invention, at
a depth of 20 .mu.m under the surface of its magnet body, crystal grains of an
R.sub.2Fe.sub.14B type compound have an (RL.sub.1-xRH.sub.x).sub.2Fe.sub.14B
(where 0.2.1toreg.x.ltoreq.0.75) layer with a thickness of 1 nm to 2 .mu.m in their
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July 2028

outer periphery. In this case, the light rare-earth element RL is at least one of Nd and
Pr, and the heavy rare-earth element RH is at least one element selected from the
group consisting of Dy, Ho and Th.

The invention claimed is:

1. A method [process/method] for producing an R--Fe--B based rare-earth sintered
magnet, the method comprising the steps of: (a) providing an R--Fe--B based rare-
earth sintered magnet body, which includes, as a main phase, crystal grains of an
R.sub.2Fe.sub.14B type compound including a light rare-earth element RL (which is
at least one of Nd and Pr) as a major rare-earth element R; (b) diffusing a heavy rare-
earth element RH (which is at least one element selected from the group consisting of
Dy, Ho and Tb) inside the R--Fe--B based rare-earth sintered magnet body; and (c)
removing a surface portion of the R--Fe--B based rare-earth sintered magnet body, in
which the heavy rare-earth element RH has been diffused, to a depth of 5.mu.m to
500 .mu.m, wherein the step (b) includes the steps of: (b1) arranging a bulk body
including the heavy rare-earth element RH (which is at least one element selected
from the group consisting of Dy, Ho and Tb), along with the R--Fe--B based rare-
earth sintered magnet body, in a processing chamber and arranging the bulk body and
the R--Fe--B based rare-earth sintered magnet body out of contact with each other in
the processing chamber and leaving an average gap of 0.1 mm to 300 mm between
them; and (b2) heating the bulk body and the R--Fe--B based rare-earth sintered
magnet body together to a temperature of 700.degree. C. to 1,000.degree. C., thereby
diffusing the heavy rare-earth element RH inside the R--Fe--B based rare-earth
sintered magnet body while simultaneously supplying the heavy rare-earth element
RH from the bulk body onto the surface of the R--Fe--B based rare-earth sintered
magnet body [composition of matter] .

Filed: Oct 20,
2011

Issued:
May 22, 2012

8,183,732 Assignee:

Panasonic
Corporation

Radial anisotropic magnet manufacturing method, permanent magnet motor using
radial anisotropic magnet, and iron core-equipped permanent magnet motor

Abstract
To improve tranquility and controllability of an iron core-equipped permanent

(CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the
U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.

This table is © 07-02-2014. The newest Table is online at http://cmi.ameslab.com/resources/magnet-table



http://cmi.ameslab.com/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8,183,732&OS=8,183,732&RS=8,183,732

U.S. Rare Earth Magnet Patents Table
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare- earth-magnet patents issued by the U.S. Patent and Trademark Office. It was
created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the United
States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

© 07-02-2014  page54

Expires:
Oct 2031

(Japan)

magnet motor with an improved maximum energy product (BH).sub.max by
improving shape compatibility of a radial anisotropic magnet, there is provided a
radial anisotropic magnet manufacturing method of fixing magnet powder in a net
shape so as to maintain a magnetic anisotropic (C-axis) angle of a magnet with
respect to a tangential line and for performing a deformation with a flow so as to
have a predetermined circular arc shape or a predetermined annular shape.
Particularly, by performing a deformation with a viscous flow or an extension flow, a
deformability of the magnet is improved, and thus shape compatibility with respect to
a thickness is. improved. A C-axis angle .theta. with respect to a tangential direction
is controlled at an arbitrary position and an arbitrary angle so as to reduce cogging
torque without separating a magnetic pole into segments.

The invention claimed is:

1. An iron core-equipped permanent magnet motor comprising [composition of
matter] an even number of radial anisotropic magnets: wherein the radial anisotropic
magnets maintain a magnetic anisotropic angle of a magnet with respect to a
tangential line by fixing magnet powder in a net shape, and have a predetermined
circular arc shape or a predetermined annular shape by performing a deformation
with a flow; wherein the pre-deformation magnet is a resin composite of which a
microstructure includes a magnet powder stationary phase A and a flow phase B,
wherein a part of the phase B is chemically coupled to the phase A so as to fix the
stationary phase A group in a net shape; wherein the magnet is deformed by a shear
flow action and an extension flow action of the phase B; wherein the radial
anisotropic magnets are manufactured by (i) manufacturing a deformed magnet
including a perpendicular anisotropic part .alpha..sub.0 having a magnetic anisotropic
angle of 90 degree with respect to a tangential line, a non-perpendicular anisotropic
part .beta..sub.0 having a magnetic anisotropic angle .theta. in a range of 0 to 90
degree with respect to the tangential line, and a non-perpendicular anisotropic part
.beta.".sub.0 having .theta. in a range of 90 to 180 degree; and (ii) deforming the
magnet into an annular shape or a circular arc shape so as to form a radial anisotropic
part .alpha..sub.1 corresponding to the perpendicular anisotropic part .alpha..sub.0, a
curved surface .beta..sub.1 corresponding to the non-perpendicular anisotropic part
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.beta..sub.0, and a curved surface .beta.".sub.1 corresponding to the non-perpendicular
anisotropic part .beta.'.sub.0; and wherein in the post-deformation radial anisotropic
part .alpha..sub.1 corresponding to the pre-deformation perpendicular anisotropic part
.alpha..sub.0, the post-deformation curved surface .beta..sub.1 corresponding to the
pre-deformation non-perpendicular anisotropic part .beta..sub.0, and the post-
deformation curved surface .beta.".sub.1 corresponding to the pre-deformation non-
perpendicular anisotropic part .beta..sub.0, the magnetic anisotropic angles with
respect to the tangential line are the same before and after the deformation.

Filed:
July 5, 2011

Issued:
May 22, 2012

Expires:
July 2031

8,182,619 Assignee:
Hitachi Metals, Ltd.

(Japan)

R-F e-B rare-earth sintered magnet and process for producing the same

Abstract

First, an R--Fe--B based rare-earth sintered magnet body including, as a main phase,
crystal grains of an R.sub.2Fe.sub.14B type compound that includes a light rare-earth
element RL, which is at least one of Nd and Pr, as a major rare-earth element R is
provided. Next, an M layer, including a metallic element M that is at least one
element selected from the group consisting of Al, Ga, In, Sn, Pb, Bi, Zn and Ag, is
deposited on the surface of the sintered magnet body and then an RH layer, including
a heavy rare-earth element RH that is at least one element selected from the group
consisting of Dy, Ho and Tb, is deposited on the M layer. Thereafter, the sintered
magnet body is heated, thereby diffusing the metallic element M and the heavy rare-
earth element RH from the surface of the magnet body deeper inside the magnet.

What is claimed is:

1. An R--Fe--B based rare-earth sintered magnet comprising

[composition of matter] , as a main phase, crystal grains of an R.sub.2Fe.sub.14B
type compound that includes a light rare-earth element RL, which is at least one of
Nd and Pr, as a major rare-earth element R, wherein the magnet further includes a
metallic element M and a heavy rare-earth element RH, both of which have been
introduced from a surface of the magnet by grain boundary diffusion into an interior
of the magnet, the metallic element M being at least one element that is selected from
the group consisting of Al, Ga, In, Sn, Pb, Bi, Zn and Ag, the heavy rare-earth
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element RH being at least one element that is selected from the group consisting of
Dy, Ho and Th, wherein the heavy rare-earth element RH is diffused to a depth of
about 0.5 mm or more as measured from a surface of the magnet, and wherein each
crystal grain of the R.sub.2Fe.sub.14B type compound has an outer periphery layer in
which the heavy rare-earth element RH is more concentrated than in the interior of
the crystal grain. ....

Filed:
November 30,
2006

Issued:
May 22, 2012

Expires:
Nov. 2026

8,182,618 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Rare earth sintered magnet and method for producing same

Abstract

A sintered rare-earth magnet includes an Nd.sub.2Fe.sub.14B type crystalline phase
as its main phase and Al as an additive. The magnet includes at least one light rare-
earth element LR selected from the group consisting of yttrium and the rare-earth
elements other than Dy, Ho and Tb, and at least one heavy rare-earth element HR
selected from the group consisting of Dy, Ho and Th. The mole fractions .alpha.1,
.alpha.2 and .beta. of the light and heavy rare-earth elements LR and HR and Al
satisfy the inequalities 25.1toreq..alpha.1+.alpha.2.ltoreq.40 mass %,
0<.alpha.2.ltoreq.40 mass %, .beta.>0.20 mass %, and
0.04.1toreq..beta./.alpha.2.1toreq.0.12.

The invention claimed is:

1. A sintered rare-earth magnet comprising [composition of matter] an
Nd.sub.2Fe.sub.14B type crystalline phase as its main phase and Al as an additive;
wherein the rare-earth magnet includes at least one light rare-earth element LR
selected from the group consisting of yttrium and the rare-earth elements other than
Dy, Ho and Th, and at least one heavy rare-earth element HR selected from the group
consisting of Dy, Ho and Thb; and .alpha.1, .alpha.2 and .beta. of the light and heavy
rare-earth elements LR and HR and Al satisfy the inequalities
25.Itoreq..alpha.1+.alpha.2.Itoreq.40 mass %, 4.0.ltoreq..alpha.2.ltoreq.40 mass %,
.beta..gtoreq.0.35 mass %, and 0.04.Itoreq..beta./.alpha.2.Itoreq.0.12; and the rare-
earth magnet further includes 0.01 to 0.2 mass % of at least one additive element M
that is selected from the group consisting of Si, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr,
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Nb, Mo, Ag, In, Sn, Hf, Ta, W, Pb and Bi.

2. The sintered rare-earth magnet of claim 1, wherein the magnet is made of a
sintered powder of a rapidly solidified alloy that has been obtained by a strip casting
process.

3. A method for producing [process/method] a sintered rare-earth magnet, the
method comprising the steps of: providing a rapidly solidified alloy that includes at
least one light rare-earth element LR, at least one heavy rare-earth element HR and
Al as an additive, the at least one light rare-earth element LR being selected from the
group consisting of yttrium and the rare-earth elements other than Dy, Ho and Tb, the
at least one heavy rare-earth element HR being selected from the group consisting of
Dy, Ho and Tb, .alpha.1, .alpha.2 and .beta. of the light and heavy rare-earth elements
LR and HR and Al satisfying the inequalities 25.ltoreq..alpha.1+.alpha.2.ltoreq.40
mass %, 4.0.ltoreq..alpha.2.ltoreq.40 mass %, .beta..gtoreq.0.35 mass %, and 0
04.Itoreq..beta./.alpha.2.ltoreq.0.12; pulverizing the rapidly solidified alloy to make a
powder; compacting the powder under a magnetic field to make a compact; and
sintering the compact, thereby obtaining a sintered rare-earth magnet including an
Nd.sub.2Fe.sub.14B type crystalline phase as its main phase; wherein the rapidly
solidified alloy includes 0.01 to 0.2 mass % of at least one additive element M that is
selected from the group consisting of Si, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr, Nb, Mo,
Ag, In, Sn, Hf, Ta, W, Pb and Bi.

Filed:
Sept 2, 2008

Issued:
May 15, 2012

Expires:
Sept. 2028

8,177,922 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-Fe-B anisotropic sintered magnet

Abstract

An R--Fe--B based anisotropic sintered magnet according to the present invention
has, as a main phase, an R.sub.2Fe.sub.14B type compound that includes a light rare-
earth element RL (which is at least one of Nd and Pr) as a major rare-earth element
R, and also has a heavy rare-earth element RH (which is at least one element selected
from the group consisting of Dy and Tb). In the crystal lattice of the main phase, the
c-axis is oriented in a predetermined direction. The magnet includes a portion in
which at least two peaks of diffraction are observed within a 2.theta. range of 60.5
degrees to 61.5 degrees when an X-ray diffraction measurement is carried out using a
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CuK .alpha. ray on a plane that is located at a depth of 500 .mu.m or less under a pole
face of the magnet and that is parallel to the pole face.

The invention claimed is:

1. An R--Fe--B based anisotropic sintered magnet (where R is at least one of the rare-
earth elements that include Y) comprising, [composition of matter] as a main phase,
an R.sub.2Fe.sub.14B type compound that includes a light rare-earth element RL
(which is at least one of Nd and Pr) as a major rare-earth element R, and also
comprising a heavy rare-earth element RH (which is at least one element selected
from the group consisting of Dy and Thb), wherein the magnet includes a portion in
which at least two peaks of diffraction are observed within a 2.theta. range of 60.5
degrees to 61.5 degrees when an X-ray diffraction measurement is carried out using a
CuK.alpha. ray on a plane that is located at a depth of 500 .mu.m or less under a pole
face of the magnet and that is parallel to the pole face.

Filed:
July 25, 2008

Issued:
May 15, 2012

Expires:
July 2028

8,177,921 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-Fe-B rare earth sintered magnet

Abstract

An R--Fe--B based rare-earth sintered magnet according to the present invention
includes, as a main phase, crystal grains of an R.sub.2Fe.sub.14B type compound that
includes Nd, which is a light rare-earth element, as a major rare-earth element R. The
magnet includes a heavy rare-earth element RH (which is at least one of Dy and Tbh)
that has been introduced through the surface of the sintered magnet by diffusion. The
magnet has a region in which the concentration of the heavy rare-earth element RH in
a grain boundary R-rich phase is lower than at the surface of the crystal grains of the
R.sub.2Fe.sub.14B type compound but higher than at the core of the crystal grains of
the R.sub.2Fe.sub.14B type compound.

The invention claimed is:

1. An R--Fe--B based rare-earth sintered magnet comprising, [composition of matter]
as a main phase, crystal grains of an R.sub.2Fe.sub.14B type compound that includes
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Nd, which is a light rare-earth element, as a major rare-earth element R, wherein the
magnet includes a heavy rare-earth element RH (which is at least one of Dy and Th)
that has been introduced through the surface of the sintered magnet by diffusion, and
wherein the magnet has a region in which the concentration of the heavy rare-earth
element RH in a grain boundary R-rich phase is lower than at the surface of the
crystal grains of the R.sub.2Fe.sub.14B type compound but higher than at the core of
the crystal grains of the R.sub.2Fe.sub.14B type compound.

Filed:
December 23,
2009

Issued:
April 17, 2012

Expires:
Dec 2029

8,157,927 Assignee:
DK Corporation

(Tokyo, JAPAN)

Raw material alloy for R-T-B system sintered magnet, R-T-B system sintered magnet
and production method thereof

Abstract

It is an object of the present invention to obtain a highly coercive R-T-B system
sintered magnet by making the crystal microstructure of a raw material alloy
prepared by strip casting more uniform, thereby making the crushed powder obtained
from such raw material alloy more fine and making the size distribution more
narrow. The present invention provides a raw material alloy for an R-T-B system
sintered magnet containing grains of an R.sub.2T.sub.14B compound, wherein a P
and/or S content is between 100 and 950 ppm. This raw material alloy preferably has
a composition comprising 25 to 35% by weight of R, 0.5 to 4% by weight of B, 0.02
to 0.6% of one or both of Al and Cu, 5% by weight or less of Co, and the balance of
Fe.

What is claimed is:

1. A method [process/method] for producing an R-T-B sintered magnet, comprising
a sintered body having grains comprising an R.sub.2T.sub.14B compound as a main
phase, and comprising steps of: strip casting a raw material metal to prepare a raw
material alloy having a total of P and S content between 100 and 950 ppm; milling
the raw material alloy into a powder having a prescribed particle size; compacting the
powder in a magnetic field to fabricate a compacted body; and sintering the
compacted body to obtain the sintered body having a total of P and S content
between 10 and 220 ppm, wherein R represents one or more elements selected from
rare earth elements, and T represents one or more elements selected from transition
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metal elements and comprises Fe, or Fe and Co.

Filed: Dec 19,
2007

Issued:
April 17,2012

Expires:
Dec 2027

8,157,926

Assignee:
Ulvac, Inc.

(Kanagawa,
JAPAN)

Permanent magnet and method of manufacturing same

Abstract

There is provided a method of manufacturing a permanent magnet in which Dy
and/or Th adhered to the surface of a sintered magnet containing a lubricant can be
efficiently diffused and in which the permanent magnet having high magnetic
properties can be manufactured at good productivity. The permanent magnet is
manufactured by executing a first step of adhering at least one of Dy and Tb to at
least a part of a surface of a sintered magnet made by sintering iron-boron-rare earth
based alloy raw meal powder containing a lubricant; and a second step of heat-
treating the sintered magnet at a predetermined temperature to thereby disperse at
least one of Dy and Tb adhered to the surface of the sintered magnet into grain
boundary phase of the sintered magnet. At this time, as the sintered magnet, there is
used one manufactured in an average grain size within a range of 4 .mu.m.about.8
.mu.m.

What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet comprising; a
first step of adhering at least one of Dy and Tb to at least a part of a surface of a
sintered magnet made by sintering iron-boron-rare earth based alloy raw metal
powder containing a lubricant; a second step of heat-treating the sintered magnet at a
first predetermined temperature to thereby disperse the at least one of Dy and Th
adhered to the surface of the sintered magnet into grain boundary phase of the
sintered magnet; wherein the sintered magnet employed is manufactured to have an
average grain size within a range of 4 .mu.m.about.8 .mu.m.

Filed: June 27,
2008

Issued:

8,152,936

Assignee:

TDK Corporation

Rare earth magnet

Abstract
There is provided a rare earth magnet with excellent Br and HcJ values. The rare
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April 10, 2012 (Tokyo, JAPAN) earth magnet according to a preferred embodiment of the invention is characterized
by being composed mainly of R (where R is at least one element selected from

Expires: among rare earth elements including Y), B, Al, Cu, Zr, Co, O, C and Fe, wherein the

June 2028 content of each element is R: 25-34 wt %, B: 0.85-0.98 wt %, Al: 0.03-0.3 wt %, Cu:
0.01-0.15 wt %, Zr: 0.03-0.25 wt %, Co: .Itoreq.3 wt % (but not 0 wt %), O:
JItoreq.0.2 wt %, C: 0.03-0.15 wt % and Fe: remainder.
The invention claimed is:
1. A rare earth (magnet?) [composition of matter] including a main phase magnet
characterized by being composed mainly of R (where R is at least one element
selected from among rare earth elements including Y, and R includes Nd and Dy as
an essential element), B, Al, Cu, Zr, Co, O, C and Fe, wherein the content of each
element is as follows: R: 25-34 wt % (where Dy content is 0.1-8 wt %) B: 0.85-0.98
wt % Al: 0.03-0.3 wt % Cu: 0.03-0.11 wt % Zr: 0.03-0.25 wt % Co: .Itoreq.3 wt %
(but not 0 wt %) O: 0.03-0.1 wt % C: 0.03-0.15 wt % Fe: remainder.

Filed: 8,142,573 Assignee: R-T-B sintered magnet and method for producing the same

April 11, 2008

Issued: Hitachi Metals, Ltd. | Abstract

March 27, An R-T-B based sintered magnet includes both a light rare-earth element R.sub.L

2012 (Tokyo, JAPAN) (which is at least one of Nd and Pr) and a heavy rare-earth element R.sub.H (which is
at least one of Dy and Th) and Nd.sub.2Fe.sub.14B type crystals as a main phase.

Expires: The magnet has a first region, which includes either the heavy rare-earth element

April 2028 R.sub.H in a relatively low concentration or no heavy rare-earth elements R.sub.H at

all, and a second region, which includes the heavy rare-earth element R.sub.H in a
relatively high concentration. The first and second regions are combined together by
going through a sintering process.

The invention claimed is:

1. An R-T-B based sintered magnet comprising [composition of matter] : a light
rare-earth element R.sub.L, which is at least one of Nd and Pr, a heavy rare-earth
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element R.sub.H, which is at least one of Dy and Tb, and Nd.sub.2Fe.sub.14B type
crystals as a main phase; wherein a first region, which includes the heavy rare-earth
element R.sub.H in a first concentration of zero or more heavy rare-earth elements
R.sub.H, and a second region, which includes the heavy rare-earth element R.sub.H
in a second concentration that is higher than the first concentration, are stacked in
layers such that the layers extend across an entire length or width of the R-T-B based
sintered magnet; and the first and second regions are sintered and combined
together. ....

10. A method for producing [process/method]an R-T-B based sintered magnet
including both a light rare-earth element R.sub.L, which is at least one of Nd and Pr,
and a heavy rare-earth element R.sub.H, which is at least one of Dy and Th, and
Nd.sub.2Fe.sub.14B type crystals as a main phase, the method comprising the steps
of: providing a first material alloy powder, which includes either the heavy rare-earth
element R.sub.H in a relatively low concentration or no heavy rare-earth elements
R.sub.H at all, and a second material alloy powder, which includes the heavy rare-
earth element R.sub.H in a relatively high concentration; forming a composite
compact including a first compact portion made of the first material alloy powder
that extends across an entire length or width of the composite compact and a second
compact portion made of the second material alloy powder that extends across the
entire length or width of the composite compact; and sintering the composite
compact, thereby making a sintered magnet in which the first and second compact
portions have been combined together.

Filed:
Dec 19, 2007

Issued:
March 6, 2012

Expires:
Dec 2027

8,128,760 Assignee:
Ulvac, Inc.

(Kanagawa,
JAPAN)

Permanent magnet and method of manufacturing same

Abstract

By eliminating the necessity of a prior step for cleaning a sintered magnet before
adhering Dy and/or Tb to the surface of the sintered magnet S, the productivity of a
permanent magnet having diffused Dy and/or Tb into grain boundary phase is
improved. Iron-boron-rare earth based sintered magnet (S) disposed in a processing
chamber (20) is heated to a predetermined temperature. An evaporating material (V)
which is made of a hydride containing at least one of Dy and Tb is disposed in the
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same or in another processing chamber and is evaporated to cause the evaporated
evaporating material to the surface of the sintered magnet. Metal atoms of Dy and/or
Tb are diffused into grain boundary phase of the sintered magnet.

What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet comprising:
heating an iron-boron-rare earth based sintered magnet disposed in a processing
chamber to a first predetermined temperature which is from 800.degree. C. to
1050.degree. C.; evaporating an evaporating material disposed in the processing
chamber or another processing chamber, the evaporating material comprising a
hydride containing at least one of Dy and Tb; causing the evaporated evaporating
material to be adhered to a surface of the sintered magnet; and diffusing metal atoms
of the at least one of Dy and Tb of the adhered evaporating material into a grain
boundary phase of the sintered magnet, before a thin film made of the evaporated
material is formed on the surface of the sintered magnet, wherein the evaporating and
the diffusing are executed substantially simultaneously.

Filed: Dec 19,
2007

Issued:
March 6, 2012

Expires:
Dec 2027

8,128,759 Assignee:
Ulvac, Inc.

(Kanagawa,
JAPAN)

Permanent magnet and method of manufacturing same

Abstract

By causing at least one of Dy and Tb to be adhered to the surface of an iron-boron-
rare earth based sintered magnet of a predetermined shape, and is then to be diffused
into grain boundary phase, a permanent magnet can be manufactured at high
workability and low cost. An iron-boron-rare earth based sintered magnet is disposed
in a processing chamber and is heated to a predetermined temperature. Also, an
evaporating material made up of a fluoride containing at least one of Dy and Tb
disposed in the same or another processing chamber is evaporated, and the
evaporated evaporating material is caused to be adhered to the surface of the sintered
magnet. The Dy and/or Th metal atoms of the adhered evaporating material are
diffused into the grain particle phase of the sintered magnet before a thin film made
of the evaporated material is formed on the surface of the sintered magnet.
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What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet, comprising:
heating to a predetermined temperature an iron-boron-rare earth based sintered
magnet disposed in a processing chamber; evaporating an evaporating material
comprising a fluoride including at least one of Dy and Tb, disposed in the processing
chamber or another processing chamber; adhering, through a vapor atmosphere, the
evaporated evaporating material to a surface of the sintered magnet; and diffusing
metal atoms of the at least one of Dy and Tb of the adhered evaporating material into
a grain boundary phase of the sintered magnet.

2. The method of manufacturing a permanent magnet according to claim 1, wherein
the evaporating material further comprises a fluoride including at least one of Nd and
Pr.

3. The method of manufacturing a permanent magnet according to claim 1, wherein
the evaporating material further comprises [composition of matter] at least one
material of the group consisting of Al, Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, Cs, Cu, Dy,
Er, Eu, Fe, Ga, Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P,
Pd, Pr, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Tb, Tm, Ti, V, W, Y, Yb, Zn, and Zr.

Filed: Oct 21,
2008

Issued:
March 6, 2012

Expires:
Oct 2028

8,128,758 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-Fe-B microcrystalline high-density magnet and process for production thereof

Abstract

An R--Fe--B based rare-earth alloy powder with a mean particle size of less than
about 20 .mu.m is provided and compacted to make a powder compact. Next, the
powder compact is subjected to a heat treatment at a temperature of about
550.degree. C. to less than about 1,000.degree. C. within hydrogen gas, thereby
producing hydrogenation and disproportionation reactions (HD processes). Then, the
powder compact is subjected to another heat treatment at a temperature of about
550.degree. C. to less than about 1,000.degree. C. within either a vacuum or an inert
atmosphere, thereby producing desorption and recombination reactions and obtaining
a porous material including fine crystal grains, of which the density is about 60% to
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about 90% of their true density and which have an average crystal grain size of about
0.01 .mu.m to about 2 .mu.m (DR processes). Thereafter, the porous material is
subjected to yet another heat treatment at a temperature of about 750.degree. C. to
less than about 1,000.degree. C. within either the vacuum or the inert atmosphere,
thereby further increasing its density to about 93% or more of their true density and
making an R--Fe--B based microcrystalline high-density magnet.

What is claimed is:

1. A method for producing [process/method] an R--Fe--B based microcrystalline
high-density magnet, the method comprising the steps of: (A) providing an R--Fe--B
based rare-earth alloy powder, where R is at least one element selected from the
group consisting of the rare-earth elements including Y and Sc, with a mean particle
size of less than about 20 .mu.m; (B) compacting the R--Fe--B based rare-earth alloy
powder to make a powder compact; (C) subjecting the powder compact to a heat
treatment at a temperature of about 550.degree. C. to less than 900.degree. C. within
hydrogen gas, thereby producing hydrogenation and disproportionation reactions; (D)
subjecting the powder compact to another heat treatment at a temperature of about
550.degree. C. to less than 900.degree. C. within either a vacuum or an inert
atmosphere, thereby producing desorption and recombination reactions and obtaining
a porous material including fine crystal grains, of which a density is about 50% to
about 90% of a true density thereof and which have an average crystal grain size of
about 0.01 .mu.m to about 2 .mu.m; and (E) subjecting the porous material to yet
another heat treatment at a temperature of about 750.degree. C. to less than
900.degree. C. within either the vacuum or the inert atmosphere so that rare-earth-
rich phases with areas of 1 .mu.m.sup.2 to 10 .mu.m.sup.2 are formed at a number
density of at least 1.6.times.10.sup.4 phases per square millimeter on a cross section
that passes through a center portion of the R--Fe--B based microcrystalline high-
density magnet, thereby further increasing the density thereof to about 93% or more
of the true density thereof without performing any hot pressing process.

Filed: March
8, 2006

8,123,832 Assignee:

R-T-B system sintered magnet
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Issued: Feb
28, 2012

Expires:
March 2026

TDK Corporation

(Tokyo, JAPAN)

Abstract

An R-T-B system sintered magnet is provided which achieves both a high residual
magnetic flux density and a high coercive force. The R-T-B system sintered magnet
comprises main-phase grains 1 each having a core-shell structure comprising an inner
shell part 2 and an outer shell part 3 surrounding the inner shell part 2, wherein the
concentration of the heavy rare earth element in the inner shell part 2 is lower by
10% or more than the concentration of the heavy rare earth element in the periphery
of the outer shell part 3, and (L/r).sub.ave falls within a range from 0.03 to 0.40 in the
main-phase grains 1 each comprising the inner shell part 2 and the outer shell part 3,
wherein L represents the shortest distance from the periphery of the main phase grain
1 to the inner shell part 2, r represents the equivalent diameter of the main phase
grain 1, and (L/r).sub.ave represents the average value of L/r for the main-phase
grains 1 present in the sintered body and having the core-shell structure

The invention claimed is:

1. An R-T-B system sintered magnet comprising [composition of matter] a sintered
body comprising, as a main phase of the sintered body, grains mainly comprising an
R.sub.2T.sub.14B compound and comprising at least one of Dy and Tb as a heavy
rare earth element and at least one of Nd and Pr as a light rare earth element, the R-T-
B system sintered magnet being characterized in that: the sintered body has a
composition comprising R: 25 to 37 wt %, B: 0.5 to 2.0 wt %, Co: 3.0 wt % or less,
Al: 0.03 to 0.30 wt %, Cu: 0.01 to 0.15 wt %, and the balance: Fe and inevitable
impurities, wherein R represents the heavy rare earth elements in an amount of 0.1 to
10 wt %); the sintered body comprises the grains each having a core-shell structure
consisting of a single inner shell part and a single outer shell part surrounding the
inner shell part; the concentration of the heavy rare earth element in the inner shell
part is 20 to 95% of the concentration of the heavy rare earth element in the periphery
of the outer shell part; in the grains each comprising the inner shell part and the outer
shell part, (L/r).sub.ave falls within a range from 0.10 to 0.25; and in a section
thereof, the proportion of the number of the grains each having the core-shell
structure to the total number of the grains forming the sintered body is 20% or more;
wherein: R represents one or more rare earth elements inclusive of Y; T represents
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one or more transition metal elements wherein Fe or Fe and Co are essential; L
represents the shortest distance from the periphery of the grain to the inner shell part;
r represents the equivalent diameter of the grain; and (L/r).sub.ave represents the
average value of L/r for the grains, present in the sintered body, having the core-shell
structure.

Filed:
July 27, 2005

Issued:
February 21,
2012

Expires:
July 2025

8,119,260

Assignee:
Hitachi, Ltd.

(Tokyo, JAPAN)

Rare-earth magnet

Abstract

In a ferromagnetic material containing at least one kind of rare-earth element, a layer
containing at least one kind of alkaline earth element or rare-earth element and
fluorine is formed at the grain boundary or near the powder surface of the
ferromagnetic material. A further layer containing at least one kind of rare-earth
element, having a fluorine concentration lower than that of the layer described first
and having a rare-earth element concentration higher than that of the host phase of
the ferromagnetic material, or an oxide layer containing a rare-earth element is
formed in adjacent with a portion of the layer described first.

What is claimed is:

1. A rare-earth sintered magnet comprising [composition of matter] : a host phase of
a NdFeB series ferromagnetic material containing Nd as at least one kind of rare-
earth element, a primary coating being formed on a surface of the host phase
substantially along an outer periphery of the host phase, the primary coating being
constituted by a rare-earth element containing layer having rare-earth element
concentration higher than that of the host phase, and a fluorine-containing layer
containing rare-earth element and fluorine having a fluorine concentration higher
than that of the host phase and containing 10 atom % or more of fluorine, the
fluorine-containing layer being formed on the primary coating in a continuous layer,
wherein the average thickness of the fluorine-containing layer is thicker than that of
the primary coating, and which is 1 nm to 10000 nm.

Filed:

8,110,049

Assignee:

Alloy containing rare earth element, production method thereof, magnetostrictive
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February 17,
2010

Issued:
February 7,
2012

Expires:
Feb 2030

Showa Denko K.K.

(Tokyo, JAPAN)

device, and magnetic refrigerant material

Abstract

An RE-containing alloy, which is represented by a compositional formula of
R.sub.rT.sub.tA.sub.a (wherein R represents at least one rare earth element selected
from among La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Tm, Yb, Gd, and Lu; T collectively
represents transition metal elements containing at least Fe atoms, a portion of the Fe
atoms being optionally substituted by at least one species selected from among Co,
Ni, Mn, Pt, and Pd; A represents at least one element selected from among Al, As, Si,
Ga, Ge, Mn, Sn, and Sb; and r, t, and a have the following relationships: 5.0 at.
%.ltoreq.r.Itoreq.6.8 at. %, 73.8 at. %.ltoreq.t.Itoreq.88.7 at. %, and 4.6 at.
%.ltoreq.a.ltoreq.19.4 at. %) and having an alloy microstructure containing an
NaZn.sub.13-type crystal structure in an amount of at least 85 mass % and .alpha.-Fe
in an amount of 5-15 mass % inclusive.

What is claimed is:

1. An RE-containing alloy [composition of matter] , which is represented by a
compositional formula of R.sub.rT.sub.tA.sub.a (wherein R represents at least one
rare earth element selected from among La, Ce, Pr, Nd, Sm, Eu, Th, Dy, Ho, Tm, Yb,
Gd, and Lu; T collectively represents transition metal elements containing at least Fe
atoms, a portion of the Fe atoms being optionally substituted by at least one species
selected from among Co, Ni, Mn, Pt, and Pd; A represents at least one element
selected from among Al, As, Si, Ga, Ge, Mn, Sn, and Sb; and r, t, and a have the
following relationships: 5.0 at. %.ltoreq.r.Itoreq.6.8 at. %, 73.8 at.
%.ltoreq.t.Itoreq.88.7 at. %, and 4.6 at. %.ltoreg.a.ltoreq.19.4 at. %) and having an
alloy microstructure containing an NaZn.sub.13-type crystal structure in an amount
of at least 85 mass% and .alpha.-Fe in an amount of 5-15 mass% inclusive.

2. A method for producing [process/method] an RE-containing alloy powder,
comprising pulverizing, by mechanical means, the RE-containing alloy according to
claim 1 to a powder having a mean particle size of 0.1 .mu.m to 1.0 mm. ...
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Filed:
July 27, 2005

Issued:
January 31,
2012

Expires:
July 2025

8,105,466 Assignee:
SpringWorks, LLC

(Minnetonka, MN,
USA)

Biased pulse DC reactive sputtering of oxide films

Abstract

A biased pulse DC reactor for sputtering of oxide films is presented. The biased pulse
DC reactor couples pulsed DC at a particular frequency to the target through a filter
which filters out the effects of a bias power applied to the substrate, protecting the
pulsed DC power supply. Films deposited utilizing the reactor have controllable
material properties such as the index of refraction. Optical components such as
waveguide amplifiers and multiplexers can be fabricated using processes performed
on a reactor according to the present invention.

We claim:

1. A method of depositing a film on a substrate [process/method], comprising:
providing a process gas between a target and a substrate; providing an RF bias at a
bias frequency to the substrate; providing pulsed DC power to the target so that a
target voltage alternates between positive and negative voltages; and filtering the
pulsed DC power through a narrow band-rejection filter that rejects power in a
narrow band around the bias frequency and passes power at frequencies above and
below the bias frequency; and wherein a material related to the target is deposited on
the substrate by exposure of the substrate to the plasma; wherein the RF biased power
is a 2 MHz power supply and the bias frequency is 2 MHz; and further wherein the
narrow band is 100 kHz and the narrow band-rejection filter is a filter that rejects
power at 2 MHz and has a 100 kHz bandwidth.

The target can be a metallic target made of a material to be deposited on the
substrate. In some embodiments, the metallic target is formed from Al, Si and various
rare-earth ions. A target with an erbium concentration, for example, can be utilized to
deposit a film that can be formed into a waveguide optical amplifier.....

9. The method of claim 6 wherein the alloyed target includes one or more elements
taken from a set consisting of Si, Al, Er, Yb, Zn, Ga, Ge, P, As, Sn, Sh, Pb, Ag, Au,
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy Ho, Tm, and Lu.
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Filed: April 8,
2010

Issued:
Jan 31, 2012

Expires:
Ap 2030

8,105,446

Assignee:

Santoku
Corporation

(Hyogo, JAPAN)

Process for producing alloy slab for rare-earth sintered magnet, alloy slab for rare-
earth sintered magnet and rare-earth sintered magnet

Abstract

Disclosed are a method for producing alloy flakes for rare earth sintered magnets,
which makes uniform the intervals, size, orientation, and shape of the R-rich region
and the dendrites of the 2-14-1 phase, and alloy flakes for a rare earth sintered
magnet obtained by the method. A rare earth sintered magnet employing the alloy
flakes is also disclosed

What is claimed is:

1. Alloy flakes for a rare earth sintered magnet, said alloy flakes having a
composition consisting of [composition of matter] 27.0 to 33.0 mass % of at least
one element R selected from the group consisting of rare earth metal elements
including yttrium, 0.94 to 1.30 mass % of boron, and the balance of at least one
element M selected from the group consisting of transition metals, silicon, carbon,
and mixtures thereof, with iron being essential, and an alloy structure comprising R-
rich regions and dendrites of an R.sub.2Fe.sub.14B phase, wherein an average
interval r between said R-rich regions is 1 to 10 .mu.m, and an average size of crystal
grains in the alloy structure is larger than (6r+2.74x-65) .mu.m and not smaller than
40 .mu.m, wherein r stands for an average interval between said R-rich regions, and x
stands for a content of R in mass %.

Filed: May 30,
2007

Issued:
January 31,
2012

Expires:

8,105,444

Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Process for producing highly anticorrosive rare earth permanent magnet and method
of using the same

Abstract

A process for producing a highly anticorrosive rare earth permanent magnet,
characterized by sequentially subjecting an R--Fe--B sintered magnet to surface
finishing involving cutting and/or polishing, plating pretreatment, nickel
electroplating to a given plating thickness, immersion in an aqueous solution
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May 2027

containing a phosphoric salt, washing with water and heat treatment at 150.degree. to
400.degree. C. for 1 to 24 hr in an atmosphere of 1.3.times.10.sup.3 Pa or higher
oxygen partial pressure so as to form a thin nickel oxide layer at the surface layer
portion.

The invention claimed is:

1. A method for preparing [process/method] a highly corrosion resistant rare earth
permanent magnet, comprising the sequential steps of: casting an alloy, said alloy
containing R which is a rare earth element or a combination of two or more rare earth
elements, T which is Fe or Fe and Co, and B as main components, and specifically
consisting essentially of 26.8 to 33.5% by weight of R, 0.78 to 1.25% by weight of B,
0.05 to 3.5% by weight in total of at least one element selected from the group
consisting of Ni, Ga, Zr, Nb, Hf, Ta, Mn, Sn, Mo, Zn, Pb, Sb, Al, Si, V, Cr, Ti, Cu,
Ca, and Mg, and the balance of T and incidental impurities; pulverizing the alloy in
an oxygen-free atmosphere of argon, nitrogen or vacuum; finely pulverizing,
compacting in a magnetic field, sintering, and aging the finely pulverized, compacted
and sintered alloy, thereby producing a sintered magnet, the magnet having an
oxygen concentration of up to 0.6% by weight and magnetic properties, Br of 12.0
kG to 14.8 kG and iHc of 11 kOe to 35 kOe; machining and/or grinding the magnet
for surface finishing; pretreating the magnet, which is machined and/or ground, with
mineral acid, nickel electroplating the magnet, which is pretreated, to form a plating
of a predetermined thickness; immersing the magnet, which is nickel electroplated, in
a phosphate-containing aqueous solution, washing with water; and further heat
treating the magnet in an atmosphere having an oxygen partial pressure of at least
1.3.times.10.sup.3 Pa (10 Torr) at 150 to 400.degree. C. for 1 to 24 hours for thereby
forming a thin nickel oxide layer in a surface region of the plating.

Filed:
April 25, 2007

Issued:
January 31,

8,105,443 Assignee:

Vacuumschmelze
GmbH & Co.

Non-ageing permanent magnet from an alloy powder and method for the production
thereof

Abstract
A method for the production of pressed permanent magnets comprises the following
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2012

Expires:
April 2027

(Hanau,
GERMANY)

steps: A mixture of at least one magnetic powder and a thermosetting binder is
provided and pressed to produce a moulded body. In order to obtain a permanent and
particularly reliable protection against oxidation and corrosion, the moulded body is
impregnated with an acid and solvent mixture in an impregnating bath before the cure
of the thermosetting binder, whereby the entire surface of the permanent magnet is
coated with a reaction layer.

The invention claimed is:

1. A method for the production of a permanent magnet [process/method] ,
comprising: providing a mixture of at least one magnetic powder and a thermosetting
binder; pressing the mixture to produce a porous moulded body; impregnating the
porous moulded body in an impregnating bath with a solution containing an acid to
produce an impregnated moulded body; curing the thermosetting binder to produce a
cured impregnated moulded body permanent magnet after said impregnating....

8. The method according to claim 7, wherein the magnetic powder comprises an
alloy powder of neodymium, iron and boron containing the hard magnetic phase
Nd.sub.2Fe.sub.14B.

Filed: June 11,
2009

Issued: Jan 10,
2012

Expires:
June 2029

8,092,619 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-T-Cu-Mn-B type sintered magnet

Abstract

An R-T-Cu--Mn--B based sintered magnet includes: 12.0 at % to 15.0 at % of R,
which is at least one of the rare-earth elements that include Y and of which at least 50
at % is Pr and/or Nd; 5.5 at % to 6.5 at % of B; 0.08 at % to 0.35 at % of Cu; 0.04 at
% to less than 0.2 at % of Mn; at most 2 at % (including 0 at %) of M, which is one,
two, or more elements that are selected from the group consisting of Al, Ti, V, Cr,
Ni, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Au, Pb and Bi; and T as the balance,
which is either Fe alone or Fe and Co and of which at most 20 at % is Co if T
includes both Fe and Co.

The invention claimed is:
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1. An R-T-Cu--Mn--B based sintered magnet comprising [composition of matter] :
12.0 at % to 15.0 at % of R, which is at least one of the rare-earth elements that
include Y and of which at least 50 at % is Pr and/or Nd; 5.5 at % to 6.5 at % of B;
0.08 at % to 0.35 at % of Cu; 0.04 at % to less than 0.15 at % of Mn; at most 2 at %
(including 0 at %) of M, which is one, two, or more elements that are selected from
the group consisting of Al, Ti, V, Cr, Ni, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W,
Au, Pb and Bi; and T as the balance, which is either Fe alone or Fe and Co and of
which at most 20 at % is Co if T includes both Fe and Co.

Filed:
January 22,
2009

Issued:
January 10,
2012

Expires:
Jan 2029

8,092,615 Assignee:
Hoganas AB

(Hoganas,
SWEDEN)

Composition for producing soft magnetic composites by powder metallurgy

Abstract

The invention concerns powder compositions consisting of electrically insulated
particles of a soft magnetic material of an iron or iron-based powder and 0.1-2% by
weight of a lubricant selected from the group consisting of fatty acid amides having
14-22 C atoms. Optionally a thermoplastic binder such as polyphenylene sulphide
may be included in the composition. The invention also concerns a method for the
preparation of soft magnetic composite components.

The invention claimed is:

1. A method for making soft magnetic components comprising the steps of
[process/method]: (a) mixing a soft magnetic substantially pure water-atomized iron
or sponge iron powder, wherein the particles are surrounded by an electrically
insulating layer, and 0.05-2% by weight of a lubricant selected from the group
consisting of primary amides of saturated or unsaturated, straight fatty acid having
12-24 C atoms, (b) uniaxially compacting the resulting mixture, and (c) optionally
subjecting the obtained component to heat treatment.

2. A method according to claim 1 wherein the compaction is performed at an elevated
temperature above ambient temperature. ....
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Filed: Dec 9,
2010

Issued: Dec
27,2011

Expires:
Dec 2030

8,084,128 Assignee:
Hitachi,

Ltd. (Tokyo,

JAPAN)

Rare-earth magnet and manufacturing method thereof and magnet motor

Abstract

The object of the present invention is to provide a rare earth magnet which enables to
achieve a good balance between high coercive force and high residual magnetic flux
density, and its manufacturing method. The present invention provides a rare earth
magnet in which a layered grain boundary phase is formed on a surface or a portion
of a grain boundary of Nd.sub.2Fe.sub.14B which is a main phase of an R--Fe--B (R
is a rare-earth element) based magnet, and wherein the grain boundary phase contains
a fluoride compound, and wherein a thickness of the fluoride compound is 10 .mu.m
or less, or a thickness of the fluoride compound is from 0.1 .mu.m to 10 .mu.m, and
wherein the coverage of the fluoride compound over a main phase particle is 50% or
more on average. Moreover, after layering fluoride compound powder, which is
formed in plate-like shape, in the grain boundary phase, the rare earth magnet is
manufactured by quenching the layered compound after melting it at a vacuum
atmosphere at a predetermined temperature, or by heating and pressing the main
phase and the fluoride compound to make the fluoride compound into a layered
fluoride compound along the grain boundary phase.

Filed: Feb 23,
2010

Issued: Dec
13, 2011

Expires:
Feb 2030

8,075,954 Assignee:
Ulvac, Inc.

(Kanagawa,
JAPAN)

Coating method and apparatus, a permanent magnet, and manufacturing method
thereof

Abstract

The object of the present invention is to improve the productivity of a permanent
magnet and to manufacture it at a low cost by effectively coating Dy and Th on a
surface of the magnet of Fe--B-rare earth elements having a predetermined
configuration. The permanent magnet of the present invention is manufactured by a
coating step for coating Dy on the surface of the magnet of Fe--B-rare earth elements
having a predetermined configuration and a diffusing step for diffusing Dy coated on
the surface of the magnet into crystal grain boundary phases of the magnet with being
heat treated at a predetermined temperature. In this case, the coating step comprises a
first step for heating a process chamber used for carrying out the coating step and
generating metallic vapor atmosphere within the process chamber by vaporizing
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vaporizable metallic material previously arranged within the process chamber, and a
second step for introducing into the process chamber the magnet held at a
temperature lower than that within the process chamber and then selectively
depositing the vaporizable metallic material on a surface of the magnet by an effect
of temperature difference between the temperature within the process chamber and
that of the magnet by the magnet reaches a predetermined temperature.

What is claimed is:

1. A method for manufacturing [process/method] a permanent magnet, the method
comprising the steps of: coating a vaporizable metallic material including at least one
of Dy and Tb onto a surface of a magnet of Fe--B-rare earth elements having a
predetermined configuration; and diffusing the vaporizable metallic material coated
onto the surface of the magnet into crystal grain boundary phases of the magnet by
heat treating the vaporizable metallic material at a first predetermined temperature,
wherein the coating step comprises: a first step for heating a process chamber to the
first predetermined temperature used for carrying out the coating step and generating
metallic vapor atmosphere within the process chamber by vaporizing the vaporizable
metallic material previously arranged within the process chamber; and a second step
for introducing into the process chamber the magnet held at a second predetermined
temperature that is lower than the first predetermined temperature within the process
chamber and selectively depositing the vaporizable metallic material onto the surface
of the magnet by an effect of a temperature difference between the first
predetermined temperature within the process chamber and the second predetermined
temperature of the magnet until the magnet heats up and reaches a third
predetermined temperature.

Filed: March
28, 2007

Issued: Dec
13, 2011

8,075,707 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Method for preparing rare earth permanent magnet material

Abstract

A method for preparing a rare earth permanent magnet material comprises the steps
of disposing a powder on a surface of a sintered magnet body of
R.sup.l.sub.aT.sub.bA.sub.cM.sub.d composition wherein R.sup.1 is a rare earth
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Expires:
March 2027

element inclusive of Scand Y, T is Fe and/or Co, A is boron (B) and/or carbon (C),
M is Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn,
Sh, Hf, Ta, or W, said powder comprising an oxide of R.sup.2, a fluoride of R.sup.3
or an oxyfluoride of R.sup.4 wherein R.sup.2, R.sup.3, and R.sup.4 are rare earth
elements inclusive of Sc and Y and having an average particle size equal to or less
than 100 .mu.m, heat treating the magnet body and the powder at a temperature equal
to or below the sintering temperature of the magnet body for absorption treatment for
causing R.sup.2, R.sup.3, and R.sup.4 in the powder to be absorbed in the magnet
body, and repeating the absorption treatment at least two times. According to the
invention, a rare earth permanent magnet material can be prepared as an R--Fe--B
sintered magnet with high performance and a minimized amount of Tb or Dy used.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet material,
comprising a disposing step of disposing a powder on a surface of a sintered magnet
body of R.sup.1l.sub.aT.sub.bA.sub.cM.sub.d composition wherein R.sup.1 is at least
one element selected from rare earth elements inclusive of Sc and Y, T is Fe and/or
Co, A is boron (B) and/or carbon (C), M is at least one element selected from the
group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo,
Pd, Ag, Cd, Sn, Sb, Hf, Ta, and W, and a to d indicative of atom percent based on the
alloy are in the range: 10.ltoreq.a.ltoreq.15, 3.ltoreq.c.ltoreq.15,
0.01.1toreq.d.ltoreq.11, and the balance of b, said powder comprising at least one
compound selected from among an oxide of R.sup.2, a fluoride of R.sup.3, and an
oxyfluoride of R.sup.4 wherein each of R.sup.2, R.sup.3, and R.sup.4 is at least one
element selected from rare earth elements inclusive of Sc and Y and having an
average particle size equal to or less than 100 .mu.m, and then a heat treating step of
heat treating the sintered magnet body and the powder at a temperature equal to or
below the sintering temperature of the magnet body in vacuum or in an inert gas for
absorption treatment for causing at least one of R.sup.2, R.sup.3, and R.sup.4 in said
powder to be absorbed in said magnet body, a cooling step of cooling the magnet
body after the heat treating step; followed by repeating the disposing step, the heat
treating step and the cooling step, in the recited order, at least two times.
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Filed: 8,069,552 Assignee: Method of manufacturing rotor magnet for micro rotary electric machine
August 13,
2009 Minebea Co., Ltd. | Abstract
A method of manufacturing a rotor magnet for a micro rotary electric machine is
Issued: (Kitasaku-Gun, provided which includes steps of: a process in which a plurality of thick films, each
December 6, JAPAN) of which is made of nanocomposite texture composed of .alpha.Fe and R-TM-B
2011 where R is either 10 to 20 atomic % Nd or 10 to 20 atomic % Pr, B is 5 to 20 atomic
% and TM is either Fe or partly Co-substituted Fe with 0 to 16 atomic %, are formed
Expires: into a laminated magnet including isotropic nano-crystalline texture which contains
August 2029 .alpha.Fe and R.sub.2TM.sub.14B and which has a remanence, Mr, of 0.95 T or
more; and a process where the laminated magnet is multi-polar magnetized in-plane
of the thick films.
What is claimed is:
1. A method of manufacturing [process/method] a rotor magnet with at least two
pole-pairs for a cylindrical radial gap micro rotary electric machine, the method
comprising steps of: 1) a process to form a laminated film magnet comprising
isotropic nano-crystalline texture which contains an .alpha.Fe phase and an
R.sub.2TM.sub.14B phase, where R is one of 10 to 20 atomic % Nd and 10 to 20
atomic % Pr, B is 5 to 20 atomic % and TM is one of Fe and partly Co-substituted Fe
with 0 to 16 atomic %, and which has a remanence, Mr, of 0.95 T or more, the
laminated film magnet being composed of a predetermined number of a plurality of
thick films; 2) a process in which the laminated film magnet is cylindrically formed;
and 3) a process in which the laminated film magnet is multi-polar magnetized in a
radial direction of the thick films.
Filed: Jan 12, | 8,038,807 Assignee: R-Fe-B rare-earth sintered magnet and process for producing the same
2007
Hitachi Metals, Ltd. | Abstract
Issued: First, an R--Fe--B based rare-earth sintered magnet body including, as a main phase,
October 18, (Tokyo, JAPAN) crystal grains of an R.sub.2Fe.sub.14B type compound that includes a light rare-earth
2011 element RL, which is at least one of Nd and Pr, as a major rare-earth element R is
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Expires:
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provided. Next, an M layer, including a metallic element M that is at least one
element selected from the group consisting of Al, Ga, In, Sn, Pb, Bi, Zn and Ag, is
deposited on the surface of the sintered magnet body and then an RH layer, including
a heavy rare-earth element RH that is at least one element selected from the group
consisting of Dy, Ho and Tb, is deposited on the M layer. Thereafter, the sintered
magnet body is heated, thereby diffusing the metallic element M and the heavy rare-
earth element RH from the surface of the magnet body deeper inside the magnet.

The invention claimed is:

1. A method for producing [process/method] an R--Fe--B based rare-earth sintered
magnet, the method comprising the steps of: providing an R--Fe--B based rare-earth
sintered magnet body including [composition of matter] , as a main phase, crystal
grains of an R.sub.2Fe.sub.14B type compound that includes a light rare-earth
element RL, which is at least one of Nd and Pr, as a major rare-earth element R;
depositing an M layer, including a metallic element M that is at least one element
selected from the group consisting of Al, Ga, In, Sn, Pb, Bi, Zn and Ag, on a surface
of the R--Fe--B based rare-earth sintered magnet body; depositing an RH layer,
including a heavy rare-earth element RH that is at least one element selected from the
group consisting of Dy, Ho and Th, on the M layer; and heating the R--Fe--B based
rare-earth sintered magnet body, thereby diffusing the metallic element M and the
heavy rare-earth element RH from the surface of the R--Fe--B based rare-earth
sintered magnet body deeper inside the magnet.

Filed:
March 27,
2009

Issued:
October 11,
2011

Expires:
March 2029

8,033,314

Assignee:
TDK Corporation

(Tokyo, JAPAN)

Method for producing sintered magnet

Abstract

A method for producing a sintered magnet [process/method] comprising steps of;
wet-pulverizing a magnetic powder under the presence of a surface active agent,
drying said wet-pulverized magnetic powder 20 for obtaining magnetic powder to
which said surface active agent is adhered, heating and kneading said dried magnetic
powder 20 with binder resin to form pellet, melting said pellet and injecting said
pellet in a mold to which magnetic field is applied, to form a preform body, and
firing said preform body.
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Filed: March
17, 2008

Issued:
September 27,
2011

Expires:
March 2028

8,025,744 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare earth permanent magnet and its preparation

Abstract

A rare earth permanent magnet is prepared by disposing a powdered metal alloy
containing at least 70 vol % of an intermetallic compound phase on a sintered body
of R--Fe--B system, and heating the sintered body having the powder disposed on its
surface below the sintering temperature of the sintered body in vacuum or in an inert
gas for diffusion treatment. The advantages include efficient productivity, excellent
magnetic performance, a minimal or zero amount of Th or Dy used, an increased
coercive force, and a minimized decline of remanence.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet,
comprising the steps of: disposing an alloy powder having [composition of matter]
an average particle size of up to 500 .mu.m on a surface of a sintered body of the
composition R.sub.a-T.sup.1.sub.b-B.sub.c wherein R is at least one element selected
from rare earth elements inclusive of Y and Sc, T.sup.1 is at least one element
selected from Fe and Co, B is boron, "a," "b" and "c" indicative of atomic percent are
in the range: 12.ltoreq.a.ltoreq.20, 4.0.ltoreg.c.ltoreq.7.0, and the balance of b, said
alloy powder having the composition R.sup.1.sub.i-M.sup.1.sub.j wherein R.sup.1 is
at least one element selected from rare earth elements inclusive of Y and Sc, M.sup.1
is at least one element selected from the group consisting of Al, Si, C, P, Ti, V, Cr,
Mn, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi, "i" and
"J" indicative of atomic percent are in the range: 15<j.ltoreq.99 and the balance of i,
and containing at least 70% by volume of an intermetallic compound phase, and heat
treating the sintered body having the powder disposed on its surface at a temperature
equal to or below the sintering temperature of the sintered body in vacuum or in an
inert gas, for causing at least one element of R.sup.1and M.sup.1 in the powder to
diffuse to grain boundaries in the interior of the sintered body and/or near grain
boundaries within sintered body primary phase grains, said disposing step including
grinding an alloy having the composition and R.sup.1.sub.i-M.sup.1.sub.j and
containing at least 70% by volume of an intermetallic compound phase into a powder
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having an average particle size of up to 500 .mu.m, dispersing the powder in an
organic solvent or water, applying the resulting slurry to the surface of the sintered
body, and drying.

Filed: October
12, 2010

Issued:
September 20,
2011

Expires:
Oct 2030

8,021,567 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Oxide-type, magnetic material and it's production method, and sintered ferrite magnet
and it's production method

Abstract

A sintered ferrite magnet having an M-type ferrite structure and comprising Ca, an R
element which is at least one rare earth element indispensably including La, Ba, Fe
and Co as indispensable elements, which is represented by Ca.sub.1-x-
yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z, wherein (1-x-y), X, y, z and n are numbers
representing the amounts of Ca, the R element, Ba and Co and a molar ratio, meeting
0.2.Itoreq.x.ltoreq.0.65, 0.001.1toreq.y.ltoreq.0.2, 0.03.ltoreq.z.Itoreq.0.65, and
4.ltoreq.n.ltoreq.7.

What is claimed is:

1. An oxide-type, magnetic material [composition of matter] based on ferrite having
a hexagonal structure, comprising Ca, an R element which is at least one rare earth
element indispensably including La, Ba, Sr, Fe and Co as indispensable elements, the
composition ratios of Ca, R, Ba, Sr, Fe and Co being represented by the following
general formula: Ca.sub.1-x-yR.sub.x(Ba.sub.1-aSr.sub.a).sub.yFe.sub.2n-zCo.sub.z
(by atomic ratio), wherein (1-x-y), X, y, a, z and n are numbers representing the
amounts of Ca, the R element, Ba, Sr and Co and a molar ratio, respectively, meeting
the following conditions: 0.2.ltoreq.x.Itoreq.0.65, 0.001.1toreq.y.Itoreq.0.2,
0.3.ltoreq.1-x-y.ltoreq.0.6, O<a.ltoreq.0.5, 0.03.Itoreq.z.ltoreq.0.65, and
4.Itoreq.n.ltoreq.7, wherein it contains 0.05 to 0.2% by mass (calculated as
B.sub.20.sub.3) of B.

2. A method for producing [process/method] an oxide-type, magnetic material based
on ferrite having a hexagonal structure and comprising Ca, an R element which is at
least one rare earth element indispensably including La, Ba, Sr, Fe and Co as
indispensable elements, the composition ratios of Ca, R, Ba, Sr, Fe and Co being
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represented by the following general formula: Ca.sub.1-x-yR.sub.x(Ba.sub.1-
aSr.sub.a).sub.yFe.sub.2n-zCo.sub.z (by atomic ratio), wherein (1-x-y), X, y, a, z and
n are numbers representing the amounts of Ca, the R element, Ba, Sr and Co and a
molar ratio, respectively, meeting the following conditions: 0.2.Itoreq.x.ltoreq.0.65,
0.001.Itoreq.y.ltoreq.0.2, 0.3.Itoreq.1-x-y.ltoreq.0.6, O<a.ltoreq.0.5,
0.03.1toreq.z.Itoreq.0.65, and 4.1toreq.n.ltoreq.7, wherein it contains 0.05 to 0.2% by
mass (calculated as B.sub.20.sub.3) of B, said method comprising the steps of
mixing a Ca compound, an R compound, a Ba compound, a Sr compound, an iron
compound and a Co compound, 0.05 to 0.2% by mass of a boron compound per 100
parts by mass of the resultant mixture is added, and calcining the resultant mixture.

Filed:
Dec 23, 2005

Issued:
Sept 6, 2011

Expires:
Dec 2025

8,012,269 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Nd-Fe-B rare earth permanent magnet material

Abstract

A rare earth permanent magnet material is based on an R--Fe--Co--B--Al--Cu system
wherein R is at least one element selected from Nd, Pr, Dy, Th, and Ho, 15 to 33%
by weight of Nd being contained. At least two compounds selected from M-B, M-B--
Cu and M-C compounds (wherein M is Ti, Zr or Hf) and an R oxide have
precipitated within the alloy structure as grains having an average grain size of up to
5 .mu.m which are uniformly distributed in the alloy structure at intervals of up to 50
.mu.m. The invention claimed is:

1. A rare earth permanent magnet material consists [composition of matter]
essentially of, in % by weight: 27 to 33% of R, wherein R is at least one element
selected from the group consisting of Nd, Pr, Dy, Tb, and Ho, including 15 to 33%
by weight of Nd, 0.1 to 10% of Co, 0.8 to 1.5% of B, 0.05 to 1.0% of Al, 0.02 to
1.0% of Cu, 0.02 to 1.0% of an element selected from Ti, Zr and Hf, 0.123 to 0.3% of
C, 0.04 to 0.4% of O, 0.002 to 0.1% of N, and the balance of Fe and incidental
impurities, wherein (i) at least two compounds selected from the group consisting of
an M-B based compound, an M-B--Cu based compound, and an M-C based
compound, wherein M is at least one metal selected from the group consisting of Ti,
Zr, and Hf, and (ii) an R oxide have precipitated within the alloy, and the precipitated
compounds have an average grain size of up to 5 .mu.m and are distributed in the
alloy at a maximum interval of up to 50 .mu.m between adjacent precipitated
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compounds.

Filed:
June 30, 2009

Issued: Aug
23,2011

Expires:
June 2029

8,002,906 Assignee:

Daido Tokushuko
Kabushiki Kaisha

(Nagoya, JAPAN)

Rare earth magnet and production process thereof

Abstract

The present invention provides a rare earth magnet, which is formed through at least
hot molding, the rare earth magnet containing grains including an R.sub.2X.sub.14B
phase as a main phase, and a grain boundary phase surrounding peripheries of the
grains, in which R is at least one element selected from the group consisting of Nd,
Pr, Dy, Th and Ho, and X is Fe or Fe with a part being substituted by Co; in which an
element RH is more concentrated in the grain boundary phase than in the grains, in
which the element RH is at least one element selected from the group consisting of
Dy, Th and Ho; and the element RH is present with a substantially constant
concentration distribution from the surface part of the magnet to the central part of
the magnet.

What is claimed is:

1. A rare earth magnet comprising [composition of matter] grains including an
R.sub.2X.sub.14B phase as a main phase, and a grain boundary phase surrounding
peripheries of the grains, in which R is at least one element selected from the group
consisting of Nd, Pr, Dy, Tb and Ho, and X is Fe or Fe in part substituted by Co;
wherein the grains have an average grain size of 1 .mu.m or less; wherein an element
RH is more concentrated in the grain boundary phase than in the grains, in which the
element RH is at least one element selected from the group consisting of Dy, Tb and
Ho; and wherein the rare earth magnet has a difference in concentration of the
element RH in the depth direction from a surface part of the magnet to an interior of
the magnet of within 10%. .....

8. A process for producing [process/method]a rare earth magnet according to claim
1, the process comprising: a step of preparing a raw material powder containing an

R--X--B-based alloy powder mixed or coated with an RH metal and/or an RH alloy,
in which R is at least one element selected from the group consisting of Nd, Pr, Dy,
Th and Ho, X is Fe or Fe with a part being substituted by Co, and RH is at least one
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element selected from the group consisting of Dy, Tb and Ho; a step of cold molding
said prepared raw material powder to obtain a cold compact; and a step of hot
molding said obtained cold compact to obtain a hot compact or subjecting said
obtained hot compact further to hot plastic working to obtain a hot plastic worked
body.

Filed:
April 13, 2007

Issued:
Aug 16, 2011

Expires:
April 2027

7,998,283 Inventor:
Yang; Yingchang

(Beijing, CHINA)

Rare earth anisotropic hard magnetic material and processes for producing magnetic
powder and magnet using the same

Abstract

The disclosure provides a rare earth anisotropic hard magnetic material, which has,
on atomic percent basis, a composition of (Sm.sub.1-
.alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z, wherein, R is Pr alone or
a combination of Pr with at least one rare earth element selected from the group
consisting of La, Ce, Nd, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y; M is at least one
element selected from the group consisting of Si, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Nb,
Mo, Al, and Zr; 1 is N alone or a combination of N and C;
0.01.1toreq..alpha..ltoreq.0.30; 7.ltoreq.x.Itoreq.12, 0.01.1toreq.y.ltoreq.8.0,
6.ltoreq.z.ltoreq.14.4, and which anisotropic rare earth hard magnetic material is
crystallized in a Th.sub.2Zn.sub.17-type structure, of which crystalline grains are in a
flake shape with a gain size ranging from 1 to 5 .mu.m, and c-axis of the crystalline
grains, an easy magnetization direction, being oriented along the minor axis of the
flake crystalline grains. The disclosure also provides a process for producing the
powdery rare earth anisotropic hard magnetic material and a process for producing
anisotropic calender flexible magnet.

I claim:

1. An anisotropic rare earth hard magnetic material, which has, on atomic percent
basis, a composition of [composition of matter] (Sm.sub.1-
.alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z wherein: R is Pr alone or a
combination of Pr with at least one rare earth element selected from the group
consisting of La, Ce, Nd, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y; M is at least one
element selected from the group consisting of Si, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Nb,
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Mo, Al, and Zr; 1 is N alone or a combination of N and C;
0.01.Itoreq..alpha..ltoreq.0.30; 7.Itoreq.x.ltoreq.12; 0.01.Itoreq.y.ltoreq.8.0; and
6.ltoreq.z.Itoreq.14.4; and the anisotropic rare earth hard magnetic material comprises
monocrystal particles having a Th.sub.2Zn.sub.17-structure, of which crystalline
grains are in a flake shape with a grain size ranging from 1 to 3 .mu.m, and an easy
magnetization direction of the crystalline grains being oriented along a minor axis of
the flake crystalline grains.....

6. A process for producing [process/method] the anisotropic rare earth hard
magnetic material according to claim 1, comprising the steps of: (1) preparing a
master alloy with all components of (Sm.sub.1-.alpha.R.sub..alpha.).sub.xFe.sub.100-
x-y-zM.sub.yl.sub.z except for N by using strip-casting technique, (2) treating the
master alloy obtained in step (1) in nitrogen atmosphere at 450-600.degree. C. for 4-8
hours to carry out a gas-solid phase reaction, to form a nitride having the composition
of (Sm.sub.1-.alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z as defined in
claim 1; and (3) pulverizing the nitride obtained in step (2) into an anisotropic
monocrystal powder having an average particle size of 1-3 .mu.m and being in a
flake shape.

Filed:
May 17, 2010

Issued:
Aug 2, 2011

Expires: May
2030

7,988,797 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Nano-composite magnet, quenched alloy for nano-composite magnet, and method for
producing them and method for distinguishing them

Abstract

A nanocomposite magnet according to the present invention has a composition
represented by the general formula: R.sub.xQ.sub.yM.sub.z(Fe.sub.1-
mT.sub.m).sub.bal, where R is at least one rare-earth element, Q is at least one
element selected from the group consisting of B and C, M is at least one metal
element that is selected from the group consisting of Al, Si, Ti, V, Cr, Mn, Cu, Zn,
Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au and Pb and that always includes Ti, and T is
at least one element selected from the group consisting of Co and Ni. The mole
fractions X, y, z and m satisfy the inequalities of 6 at %.ltoreq.x<10 at %, 10 at
%.ltoreq.y.ltoreq.17 at %, 0.5 at %.ltoreq.z.Itoreq.6 at % and 0.ltoreq.m.ltoreq.0.5,
respectively. The nanocomposite magnet includes a hard magnetic phase and a soft
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magnetic phase that are magnetically coupled together. The hard magnetic phase is
made of an R.sub.2Fe.sub.14B-type compound, and the soft magnetic phase includes
an .alpha.-Fe phase and a crystalline phase with a Curie temperature of 610.degree.
C. to 700.degree. C. (.omega. phase) as its main phases.

What is claimed is:

1. A nanocomposite magnet having a composition [composition of matter]
represented by the general formula: R.sub.xQ.sub.yM.sub.z(Fe.sub.1-
mT.sub.m).sub.bal, where R is at least one rare-earth element, Q is at least one
element selected from the group consisting of B and C, M is at least one metal
element that is selected from the group consisting of Al, Si, Ti, V, Cr, Mn, Cu, Zn,
Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au and Pb and that always includes Ti, T is at
least one element selected from the group consisting of Co and Ni, and the mole
fractions x, y, z and m satisfy the inequalities of 6 at %.Itoreq.x<10 at %, 10 at
%.ltoreq.y.ltoreq.17 at %, 0.5 at %.ltoreq.z.Itoreq.6 at % and 0.ltoreq.m.ltoreq.0.5,
respectively, the nanocomposite magnet including a hard magnetic phase and a soft
magnetic phase that are magnetically coupled together, wherein the hard magnetic
phase is made of an R.sub.2Fe.sub.14B-type compound, and wherein the soft
magnetic phase includes an .alpha.-Fe phase and an Fe.sub.2B phase as its main
phases. ....

3. A rapidly solidified [process/method] alloy to make a nanocomposite magnet, the
alloy having a composition represented by the general formula:
R.sub.xQ.sub.yM.sub.z(Fe.sub.1-mT.sub.m).sub.bal, where R is at least one rare-
earth element, Q is at least one element selected from the group consisting of B and
C, M is at least one metal element that is selected from the group consisting of Al, Si,
Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au and Pb and that always
includes Ti, T is at T is at least one element selected from the group consisting of Co
and Ni, and the mole fractions X, y, z and m satisfy the inequalities of 6 at
%.ltoreq.x<10 at %, 10 at %.ltoreq.y.ltoreq.17 at %, 0.5 at %.ltoreq.z.Itoreq.6 at %
and 0.ltoreq.m.ltoreq.0.5, respectively, wherein the rapidly solidified alloy includes
an R.sub.2Fe.sub.14B-type compound, an .alpha.-Fe phase and an Fe.sub.2B phase.
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Filed:
Nov30, 2006

Issued:
Aug 2, 2011

Expires:
Nov 2026

7,988,795 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

R-T-B--C rare earth sintered magnet and making method

Abstract

An R-T-B--C rare earth sintered magnet (R.dbd.Ce, Pr, Nd, Th, or Dy; T=Fe) is
obtained by mixing an R-T-B--C magnet matrix alloy with an R fluoride and an R-
rich R-T-B--C sintering aid alloy, followed by pulverization, compaction and
sintering. The sintered structure consists of an R.sub.2T.sub.14B type crystal primary
phase and a grain boundary phase. The grain boundary phase consists essentially of
40-98 vol % of R--O.sub.1-x--F.sub.1+2x and/or R--F.sub.y, 1-50 vol % of R--O, R--
O--C or R--C compound phase, 0.05-10 vol % of R-T phase, 0.05-20 vol % of B-rich
phase or M-B.sub.2 phase (M=Ti, V, Cr, Zr, Nb, Mo, Hf, Ta or W), and the balance
of an R-rich phase.

The invention claimed is:

1. An R-T-B-C rare earth sintered magnet wherein R is at least one rare earth element
selected from the group consisting of Ce, Pr, Nd, Tb, and Dy, T is iron or a mixture
of iron and at least one other transition metal, B is boron, and C is carbon, which
magnet is obtained by [process/method] : mixing (I1) 1 to 20% by weight of an R-
rich R-T-B--C sintering aid alloy consisting essentially of 50 wt %.ltoreq.R.ltoreq.65
wt %, 0.3 wt %.ltoreq.B.Itoreq.0.9 wt %, 0.01 wt %.ltoreq.C.ltoreq.0.5 wt %, 0.1 wt
%.ltoreq.Al.ltoreq.1.0 wt %. 0.1 wt %.ltoreq.Cu.ltoreq.5.0 wt %, and the balance of
T, (111) 10 to 50% by weight of an R--O.sub.1-x--F.sub.1+2x and/or R--F.sub.y
powder having an average particle size of 0.5 to 50.mu.m wherein x is an arbitrary
real number of 0 to 1 and y is 2 or 3, and (I) the remainder of a R-T-B--C primary
phase magnet matrix alloy powder consisting essentially of 25 wt
%.ltoreq.R.Itoreq.35 wt %, 0.8 wt %.ltoreq.B.ltoreq.1.4 wt %, 0.01 wt
%.ltoreq.C.Itoreq.0.5 wt %, 0.1 wt %.ltoreq.Al.ltoreq.1.0 wt %, and the balance of T,
pulverizing the mixture through a jet mill in a nitrogen stream to an average particle
size of 0.01 to 30 .mu.m, compacting the mixture in a magnetic field into a compact,
sintering and heat treating the compact, wherein the rare earth sintered magnet has a
sintered structure consisting of an R.sub.2T.sub.14B structure crystal primary phase
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and a grain boundary phase, said grain boundary phase consisting essentially of 40 to
98% by volume (a volume fraction in the grain boundary phase) of R-O.sub.1-x-
F.sub.1+2x and/or R-F.sub.y wherein x is an arbitrary real number of 0 to 1 and y is 2
or 3, 1 to 50% by volume of a compound phase selected from R-O, R-O-C, and R-C
compounds, and mixtures thereof, 0.05 to 10% by volume of a R-T phase, 0.05 to
20% by volume of a B-rich phase (R.sub.1+.epsilon.Fe.sub.4B.sub.4) or M-B.sub.2
phase wherein M is at least one element selected from the group consisting of Ti, V,
Cr, Zr, Nb, Mo, Hf, Ta and W, and the balance of an R-rich phase . ....

6. A method for preparing [process/method] a R-T-B--C sintered magnet wherein R
is at least one rare earth element selected from the group consisting of Ce, Pr, Nd, Tb,
and Dy, T is iron or a mixture of iron and at least one other transition metal, B is
boron, and C is carbon, said method comprising the steps of mixing (11) 1 to 20% by
weight of an R-rich R-T-B--C sintering aid alloy consisting essentially of 50 wt
%.ltoreq.R.Itoreq.65 wt %, 0.3 wt %.ltoreq.B.ltoreq.0.9 wt %, 0.01 wt
%.ltoreq.C.ltoreq.0.5 wt %, 0.1 wt %.ltoreq.Al.ltoreq.1.0 wt %, 0.1 wt
%.ltoreq.Cu.ltoreq.5.0 wt %, and the balance of T, (111) 10 to 50% by weight of an R-
-0.sub.1-x--F.sub.1+2x and/or R--F.sub.y powder wherein x is an arbitrary real
number of 0 to 1 and y is 2 or 3, and (I) the remainder of a R-T-B--C primary phase
magnet matrix alloy powder consisting essentially of 25 wt %.ltoreq.R.ltoreq.35 wt
%, 0.8 wt %.ltoreq.B.ltoreg.1.4 wt %, 0.01 wt %.ltoreq.C.Itoreq.0.5 wt %, 0.1 wt
%.ltoreq.Al.Itoreq.1.0 wt %, and the balance of T, pulverizing the mixture through a
jet mill in a nitrogen stream, compacting the mixture in a magnetic field into a
compact, sintering and heat treating the compact.

Filed:
Oct 27, 2010

Issued:
July 26, 2011

Expires:
Oct 2030

7,985,303 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare earth permanent magnet and its preparation

Abstract

A rare earth permanent magnet is prepared by disposing a powdered metal alloy
containing at least 70 vol % of an intermetallic compound phase on a sintered body
of R--Fe--B system, and heating the sintered body having the powder disposed on its
surface below the sintering temperature of the sintered body in vacuum or in an inert
gas for diffusion treatment. The advantages include efficient productivity, excellent
magnetic performance, a minimal or zero amount of Tb or Dy used, an increased
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coercive force, and a minimized decline of remanence.
The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet,
comprising the steps of: disposing an alloy powder on a surface of a sintered body of
the composition R.sub.a-T.sup.1.sub.b-B.sub.c wherein R is at least one element
selected from rare earth elements inclusive of Y and Sc, T.sup.1 is at least one
element selected from Fe and Co, B is boron, "a," "b™ and "c" indicative of atomic
percent are in the range: 12.ltoreq.a.ltoreq.20, 4.0.ltoreq.c.ltoreq.7.0, and the balance
of b, said alloy powder having the composition M.sup.1.sub.d-M.sup.2.sub.e wherein
each of M.sup.1 and M.sup.2 is at least one element selected from the group
consisting of Al, Si, C, P, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag,
In, Sn, Sh, Hf, Ta, W, Pb, and Bi, M.sup.1 is different from M.sup.2, "d" and "e"
indicative of atomic percent are in the range: 0.1.ltoreg.e.ltoreq.99.9 and the balance
of d, and containing at least 70% by volume of an intermetallic compound phase, and
heat treating the sintered body having the powder disposed on its surface at a
temperature equal to or below the sintering temperature of the sintered body in
vacuum or in an inert gas, for causing at least one element of M.sup.1 and M.sup.2 in
the powder to diffuse to grain boundaries in the interior of the sintered body and/or
near grain boundaries within sintered body primary phase grains.

Filed:
Dec 7, 2004

Issued:

July 19, 2011
Expires:

Dec 2024

7,981,359 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Rotor and process for manufacturing the same

Abstract

A rotor comprising bonded magnet portions mainly composed of magnet powder and
a binder, which are embedded in a soft magnetic portion mainly composed of soft
magnetic powder and a binder, the rotor being produced by a compression-molding
method, and the magnetic pole surfaces of the bonded magnet portions being
embedded in the soft magnetic portion.

What is claimed is:
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1. A method for producing [process/method] a rotor comprising bonded magnet
portions and a soft magnetic portion, the method comprising, in the order mentioned,
(@) preliminarily molding steps consisting of compressing a magnet powder
compound mainly composed of magnet powder and a binder to mold said bonded
magnet portions; charging a soft magnetic powder compound mainly composed of
soft magnetic powder and a binder, such that said soft magnetic portion is in contact
with said bonded magnet portions, and compressing said soft magnetic powder
compound to mold said soft magnetic portion; and (b) simultaneously compressing
said bonded magnet portions and said soft magnetic portion to make said bonded
magnet portions and said soft magnetic portion integral.

Filed:
February 19,
2010

Issued:

July 5, 2011
Expires:
Feb 2030

7,972,450 Assignee:
Hitachi, Ltd.

(Tokyo, JAPAN)

High resistance magnet and motor using the same

Abstract

A magnet comprising grains of a ferromagnetic material whose main component is
iron and a fluorine compound layer or an oxy-fluorine compound layer of fluoride
compound particles of alkali metals, alkaline earth metals and rare earth elements,
present on the surface of the ferromagnetic material grains, wherein an amount of
iron atoms in the fluorine compound particles is 1 to 50 atomic %.

What is claimed is:

1. A magnet composed of [composition of matter] united particles of a
ferromagnetic material whose main component is iron, each of the particles
comprising the ferromagnetic material and a layer of a fluorine compound of at least
one member selected from the group consisting of alkali metals, alkaline earth metals
and transition metals, coated on surfaces of the particles, wherein the layer of the
fluorine compound contains iron in a range of from 1 to 50 atomic %, and the
fluorine compound has a face-centered cubic crystal structure....

6. The magnet according to claim 1, wherein the fluorine compound is at least one
member selected from the group consisting of [composition of matter]
NdF.sub.3LiF, MgF.sub.2, CaF.sub.2, ScF.sub.2, VF.sub.2, VF.sub.3, CrF.sub.2,
CrF.sub.3, MnF.sub.2, MnF.sub.3, CoF.sub.2, CoF.sub.3, NiF.sub.2, ZnF.sub.2,
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AlF.sub.3, GaF.sub.3, SrF.sub.3, YF.sub.3, ZrF.sub.3, NbF.sub.5, AgF, InF.sub.3,
SnF.sub.2, SnF.sub.4, BaF.sub.2, LaF.sub.2, LaF.sub.3, CeF.sub.3, PrF.sub.3,
NdF.sub.2, SmF.sub.2, SmF.sub.3, EuF.sub.2, EuF.sub.3, GdF.sub.3, TbF.sub.3,
TbF.sub.4, DyF.sub.2, DyF.sub.3, HoF.sub.2, HoF.sub.3, ErF.sub.2, ErF.sub.3,
TmF.sub.2, TmF.sub.3, YbF.sub.2, YbF.sub.3, LuF.sub.2, LuF.sub.3, PbF.sub.2, and
BiF.sub.3.

Filed:
November 27,
2003

Issued:
July 5, 2011

Expires:
Nov 2023

7,972,448 Assignee:

Vacuumschmelze
GmbH & Co. KG

(Hanau,
GERMANY)

Method for the production of an anisotropic magnetic powder and a bonded
anisotropic magnet produced therefrom

Abstract

Disclosed herein is a method for the production of an anisotropic magnetic powder or
a magnet produced from said powder, wherein a hydrogenating and dehydrogenating
method is applied to the starting material in order to produce the powder. An
anisotropic oriented magnetic material, more particularly magnetic scrap metal, is
advantageously used as starting material so that the complicated use of a molten mass
with isotropic distribution of the ¢ axes of the hard metal crystals is not required. The
result is an anisotropic material having a fine grain structure and a crystallographic
orientation matching a TM.sub.XB phase formed during hydrogenation.

The invention claimed is:

1. A method for producing [process/method] an anisotropic magnetic powder,
comprising: providing a starting material comprising an SE-TM-B alloy, wherein SE
is a rare earth element and TM is a transition metal, said starting material comprising
a magnetic material with an anisotropic orientation and an average grain size of less
than 0.1 mm, said starting material further comprising a hard magnetic content
greater than 90% by volume, foreign phases smaller than 0.5 mm in size, and a
crystal size and article size such that the crystal size is at most 75% of the particle
size; producing a mixture comprising a TM.sub.XB phase in said starting material by
a hydrogenation/dehydrogenation treatment without homogenization treatment at
high temperate comprising: a first hydrogenation comprising heating said starting
material comprising said SE-TM-B alloy under a hydrogen pressure sufficient to
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produce a hydride of the SE-TM-B alloy, and then a second hydrogenation
comprising exposing the hydride resulting from said first hydrogenation to a
hydrogen pressure and an elevated temperature sufficient to induce a phase transition
to produce said TM.sub.XB phase, and afterward dehydrogenating and producing a
reverse phase transition to produce an anisotropic magnetic powder having a
crystallographic orientation that matches a crystallographic orientation of said
TM.sub.XB phase and that has a fine and uniformly granular microstructure.

Filed:
May 26, 2005

Issued:
June 28, 2011

Expires:
May 2025

7,967,919 Assignee:

Panasonic
Corporation

(Osaka, JAPAN)

Process for producing self-assembled rare earth-iron bonded magnet and motor
utilizing the same

Abstract

The present invention provides a method for manufacturing a self-organized rare
earth-iron bonded magnet, including: a first step of covering a rare earth-iron magnet
powder with oligomer or prepolymer in which one molecule includes at least two or
more reactive ground substances to provide a surface-treated magnet powder; a
second step of melting and kneading stretchable polymer and the surface-treated
magnet powder to coarsely crush the resultant material to provide a granule; a third
step of dry blending the granule with hardener to provide a compound; a fourth step
of compressing the compound under temperature conditions by which the oligomer
or prepolymer, the polymer, and the hardener are caused to melt and to flow to
provide a green compact; a fifth step of causing the green compact to be a self-
organized rare earth-iron bonded magnet by reacting the oligomer or prepolymer, and
polymer with the hardener; and a sixth step of stretching the bonded magnet to
transform the shape to any of a circular-shape or a circular arc-like shape.

The invention claimed is:

1. A method for manufacturing [process/method] a rare earth-iron bonded magnet
comprising: a first step of covering a rare earth-iron magnet powder with oligomer or
prepolymer to provide a surface-treated magnet powder, wherein the oligomer or
prepolymer has a functional group for fixing the rare earth-iron magnet powder; a
second step of melting a stretchable polymer and kneading the melted stretchable
polymer with the surface-treated magnet powder at a temperature equal to or higher
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than a melting point of the polymer to coarsely crush a resultant material to provide a
granule; a third step of dry blending an additive and a hardener with the granule to
provide a compound; a fourth step of compressing the compound under conditions in
which the oligomer or prepolymer, the polymer, and the hardener are heated to melt
and to flow at a temperature equal to or higher than the melting points of the
oligomer or prepolymer, the polymer, and the hardener to provide a green compact;
and a fifth step of stretching the rare earth-iron bonded magnet to transform the shape
to any of a circular-shape or a circular arc-like shape.

Filed: 7,955,443 Assignee: Method for preparing rare earth permanent magnet material
April 11, 2007 Abstract
Shin-Etsu Chemical | A permanent magnet material is prepared [process/method] by covering an
Issued: Co., Ltd. anisotropic sintered magnet body of formula: R.sup.1.sub.x(Fe.sub.1-
June 7, 2011 yCo.sub.y).sub.100-x-z-aB.sub.zM.sub.a wherein R.sup.1 is a rare earth element, M
(Tokyo, JAPAN) is Al, Cu or the like, with a powder comprising an oxide of R.sup.2, a fluoride of
Expires: R.sup.3 or an oxyfluoride of R.sup.4 wherein R.sup.2, R.sup.3, and R.sup.4 are rare
April 2027 earth elements, and having an average particle size up to 100 .mu.m, heat treating the
powder-covered magnet body in a hydrogen gas-containing atmosphere for inducing
disproportionation reaction on R.sup.1.sub.2Fe.sub.14B compound, and continuing
heat treatment at a reduced hydrogen gas partial pressure for inducing recombination
reaction to said compound, thereby finely dividing said compound phase to a crystal
grain size up to 1 .mu.m, and for effecting absorption treatment, thereby causing
R.sup.2, R.sup.3 or R.sup.4 to be absorbed in the magnet body.
Filed: Nov16, | 7,955,442 Assignee: Method for producing sintered magnet and alloy for sintered magnet
2004
TDK Corporation | Abstract
Issued: The present invention provides a method for producing [process/method] a sintered
June 7, 2011 (JAPAN) magnet, which can have a sufficient sintered density even when the magnet has a
low-R composition. The method is for producing a sintered magnet comprising R (R:
Expires: one or more rare-earth elements), T (T: one or more transition metal elements
Nov 2024 essentially comprising Fe, or Fe and Co) and B (boron) as the main components,

wherein a starting alloy prepared by strip casting is pulverized to a given particle size
to form a fine powder, where the starting alloy comprises discolored deposit 1 on the
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surface and the area ratio of the discolored deposit 1 is 1.5% or less, the resulting fine
powder is compacted in a magnetic field to prepare a compact, and the compact is
sintered.

Filed:
Aug 3, 2006

Issued:
May 10, 2011

Expires:
Aug 2026

7,938,915 Assignee:

Hitachi Metals, Ltd.
(Tokyo, JAPAN),
Nippon Kagaku
Yakin Co., Ltd.

(Osaka, JAPAN)

Rare earth alloy binderless magnet and method for manufacture thereof

Abstract

A method for producing a rare-earth alloy based binderless magnet according to the
present invention includes the steps of: (A) providing a rapidly solidified rare-earth
alloy magnetic powder; and (B) compressing and compacting the rapidly solidified
rare-earth alloy magnetic powder by a cold process without using a resin binder,
thereby obtaining a compressed compact, 70 vol % to 95 vol % of which is the
rapidly solidified rare-earth alloy magnetic powder.

1. A method for producing [process/method] a rare-earth alloy based binderless
magnet, the method comprising the steps of: (A) providing a rapidly solidified rare-
earth alloy magnetic powder; (B) compressing and compacting the rapidly solidified
rare-earth alloy magnetic powder by a cold process at a temperature of 100.degree. C.
or less without using a resin binder, thereby obtaining a compressed compact, 70 vol
% to 95 vol % of which is the rapidly solidified rare-earth alloy magnetic powder,
wherein the rapidly solidified rare-earth alloy magnetic powder is compressed under
a pressure of 500 MPa to 2,500 MPa; and (C) subjecting the compressed compact to
a heat treatment process at a temperature of 350.degree. C. to 800.degree. C. after the
step (B) has been performed.

2. The method of claim 1, wherein the step (C) includes conducting the heat
treatment process within an inert gas atmosphere with a pressure of 1.times.10.sup.-2
Pa or less.

4. A method of making [process/method] a magnetic circuit component comprising:
a rare-earth alloy based binderless magnet in which magnetic powder particles of a
rapidly solidified rare-earth alloy are bound together without a resin binder, wherein
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the magnetic powder of the rapidly solidified rare-earth alloy accounts for 70 vol %
to 95 vol % of the entire magnet; and a resin-less compressed powder magnetic core
in which powder particles of a soft magnetic material are bound together without a
resin binder, wherein the binderless magnet and the resin-less compressed powder
magnetic core are joined together, the method comprising the steps of: (A) providing
a rapidly solidified rare-earth alloy powder and a soft magnetic material powder; (B)
compressing the rapidly solidified rare-earth alloy powder and the soft magnetic
material powder by a cold process at a temperature of 100.degree. C. or less and
under a pressure of 500 MPa to 2,500 MPa, thereby making a compact in which these
two powders are joined together; and (C) subjecting the compressed and combined
compact to a heat treatment process at a temperature of 350.degree. C. to 800.degree.
C.

Filed:
Nov 20, 2007

Issued:
April 19, 2011

Expires:
Nov 2027

7,927,501 Assignee:
Hitachi, Ltd.

(Tokyo, JAPAN)

Rare earth element magnet and method of manufacturing same

Abstract

A magnet comprising magnetic powder containing at least one rare earth metal
element, and an oxide binder for binding the magnetic powder, wherein an inter-face
distance of the binder determined by diffraction analysis is 0.25 to 2.94 nm. The
disclosure also discloses a method of manufacturing a magnet comprising;
compacting magnetic powder containing at least one rare earth element under
pressure in a mold; impregnating the compacted magnetic powder molding with a
precursor solution of an oxide material; and heat-treating the compacted magnetic
molding impregnated with the precursor thereby to impart an inter-face distance
determined by diffraction analysis to the binder in the compacted molding. The
distance is 0.25 to 2.94 nm.

What is claimed is:

1. A magnet comprising [composition of matter] magnetic powder containing at
least one rare earth metal element, the magnetic powder being composed of particles
each constituted by fine crystals having an average size of 10 to 100 nm, and an
amorphous binder for binding the magnetic powder, wherein an inter-face distance of
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the binder determined by diffraction analysis is 0.25 to 2.94 nm, the magnet being
compact-molded. ...

12. A method of manufacturing [process/method] a magnet comprising: compacting
magnetic powder containing at least one rare earth element under pressure in a mold;
impregnating the compacted magnetic powder molding with a precursor solution
containing a precursor of an amorphous binder; and heat-treating the compacted
magnetic molding impregnated with the precursor thereby to form fine crystals
having a mean size of 10 to 100 nm and to form an inter-face distance of the binder
determined by diffraction analysis to the binder in the compacted magnetic powder
molding, the distance being 0.25 to 2.94 nm.

According to embodiments of the present invention, it is possible to improve
magnetic properties of magnets that use a binder for bonding the magnetic material
powder. The magnet is manufactured by compacting the magnetic powder, without
sintering the magnetic powder

Filed:
Ap 6, 2007

Issued:
April 12, 2011

Expires:
April 2027

7,922,832 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Method for preparing permanent magnet material

Abstract

A permanent magnet material is prepared by machining an anisotropic sintered
magnet body having the compositional formula: R.sub.x(Fe.sub.1-
yCo.sub.y).sub.100-x-z-aB.sub.zM.sub.a wherein R is Sc, Y or a rare earth element,
M is Al, Cu or the like, to a specific surface area of at least 6 mm.sup.-1, heat treating
in a hydrogen gas-containing atmosphere at 600-1,100.degree. C. for inducing
disproportionation reaction on the R.sub.2Fe.sub.14B compound, and continuing heat
treatment at a reduced hydrogen gas partial pressure and 600-1,100.degree. C. for
inducing recombination reaction to the R.sub.2Fe.sub.14B compound, thereby finely
dividing the R.sub.2Fe.sub.14B compound phase to a crystal grain size .Itoreq.1
.mu.m.

The invention claimed is:
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1. A method for preparing [process/method] a permanent magnet material,
comprising the steps of: providing an anisotropic sintered magnet body having the
compositional formula: R.sub.x(Fe.sub.1-yCo.sub.y).sub.100-x-z-aB.sub.zM.sub.a
wherein R is at least one element selected from rare earth elements inclusive of Sc
and Y, M is at least one element selected from the group consisting of Al, Cu, Zn, In,
Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sh, Hf, Ta, and W,
X, Y, z, and a indicative of atomic percentage are in the range: 10.Itoreq.x.ltoreq.15,
0.ltoreq.y.ltoreq.0.4, 3.ltoreq.z.ltoreq.15, and 0.ltoreq.a.ltoreq.11, said magnet body
containing a R.sub.2Fe.sub.14B compound as a primary phase, machining the
magnet body to a specific surface area of at least 6 mm.sup.-1, heat treating the
magnet body which has been machined in a hydrogen gas-containing atmosphere at
600 to 1,100.degree. C., for inducing disproportionation reaction on the
R.sub.2Fe.sub.14B compound, continuing the heat treatment in an atmosphere having
a reduced hydrogen gas partial pressure at 600 to 1,100.degree. C., for inducing
recombination reaction to the R.sub.2Fe.sub.14B compound, thereby finely dividing
the R.sub.2Fe.sub.14B compound phase to a crystal grain size equal to or less than 1
.mu.m, and washing the magnet body with at least one agent of alkalis, acids and
organic solvents, after the recombination reaction treatment.

Filed:
June 9, 2006

Issued:
April 5, 2011

Expires:
June 2026

7,919,200 Assignee:

Nissan Motor Co.,
Ltd.

(Yokohama,
JAPAN)

Rare earth magnet having high strength and high electrical resistance

Abstract

This rare earth magnet having high strength and high electrical resistance has a
structure including an R--Fe--B-based rare earth magnet particles 18 which are
enclosed with a high strength and high electrical resistance composite layer 12. The
high strength and high electrical resistance composite layer 12 is constituted from a
glass-based layer 16 that has a structure comprising a glass phase or R oxide particles
13 dispersed in glass phase, and R oxide particle-based mixture layers 17 that are
formed on both sides of the glass-based layer 16 and contain an R-rich alloy phase 14
which contains 50 atomic % or more of R in the grain boundary of the R oxide
particles.

What is claimed is:
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1. A rare earth magnet having a structure [composition of matter] such that R--Fe--
B-based rare earth magnet particles are enclosed within a composite layer, where R
represents one or more kinds of rare earth element including Y, and wherein the
composite layer comprises a glass-based layer having a glass phase or a structure of
R oxide particles dispersed in a glass phase, and R oxide particle-based mixture
layers that are formed on both sides of the glass-based layer and which contain an R-
rich alloy phase containing 50 atomic % or more of R in a grain boundary of the R
oxide particles

Filed: 7,914,695 Assignee: Magnet using binding agent and method of manufacturing the same

March 12,

2007 Hitachi, Ltd. Abstract
The object of the present invention is to both reduce costs and improve magnetic

Issued: March (Tokyo, JAPAN) characteristics of rare-earth bond magnets in which magnetic material is bound with a

29, 2011 binding agent. In order to achieve this object, magnetic characteristics of a magnet
are improved by performing cold forming on rare-earth magnetic powder by itself

Expires: with no resin added. Then, in order to provide strength for the magnet, a low-

March 2027 viscosity SiO.sub.2 precursor is infiltrated and thermoset in the magnet shaped body.
As a result, it is possible to obtain a rare-earth bond magnet in which magnetic
characteristics are improved and costs are reduced.

The invention claimed is:
1. A rare-earth magnet comprising [composition of matter] a rare-earth magnetic
powder bound with a SiO.sub.2 binding agent containing an alkoxy group.

Filed: 7,906,036 Assignee: Ferrite sintered magnet

September 13,

2004 Neomax Co., Ltd. Abstract
A sintered ferrite magnet having a basic composition represented by the general

Issued: (Osaka, JAPAN) formula: A.sub.1-x-y+aCa.sub.x+bR.sub.y+cFe.sub.2n-zCo.sub.z+dO.sub.19 (atomic

March 15, ratio), wherein a, b, c and d represent the amounts of an A element, Ca, an R element

2011 Originally and Co added in the pulverization step of an oxide magnet material, which are

Sumitomo Special

numerals meeting the conditions of 0.03.ltoreq.x.Itoreq.0.4, 0.1.ltoreq.y.ltoreq.0.6,
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Expires:
Sept 2024

Metals Co., Ltd.,
now a 100%
subsisidiary of
Hitachi Metals.

0.ltoreq.z.Itoreq.0.4, 4.Itoreq.n.ltoreq.10, x+y<1, 0.03.ltoreq.x+b.ltoreq.0.4,
0.1.1toreq.y+c.ltoreq.0.6, 0.1.ltoreq.z+d.ltoreq.0.4, 0.50.ltoreq.[(1-x-y+a)/(1-
y+a+b)].ltoreq.0.97, 1.1.Itoreq.(y+c)/(z+d).Itoreq.1.8, 1.0.ltoreq.(y+c)/x.ltoreq.20,
and 0.1.1toreq.x/(z+d).Itoreq.1.2.

What is claimed is:

1. A sintered ferrite magnet consisting [composition of matter] essentially of an M
phase, which comprises as indispensable elements: an A element, which is Sr or Sr
and Ba: an R element, which is La or La plus at least one of rare earth elements
including Y; Ca; Fe and Co, said magnet being produced through steps of
pulverization, molding and sintering of a calcined oxide magnet material consisting
essentially of an M phase and, having a basic composition represented by the
following general formula (1): A.sub.1-x-yCa.sub.xR.sub.yFe.sub.2n-
2Co.5ub.z0O.sub.19 (atomic ratio) (1), wherein Ca is added in the form of a compound
in an amount of x before calcining, and said sintered ferrite magnet having a basic
composition represented by the following general formula (2): A.sub.1-x-
y+aCa.sub.x+bR.sub.y+cFe.sub.2n-zCo.sub.z+dO.sub.19 (atomic ratio) (2), in the
above general formulae (1) and (2), X, y, z and n representing the amounts of Ca, said
R element and Co and a molar ratio in said oxide magnet material, and a, b, c and d
representing the amounts of said A element, Ca, said R element and Co added to said
calcined oxide magnet material in said pulverization, which are numerals meeting the
following conditions: 0.13.Itoreq.x.Itoreq.0.25, 0.1.1toreq.y.ltoreq.0.6, 0.6.Itoreq.[(1-
x-y)/(1-y)].ltoreq.0.79, 0.ltoreq.z.Itoreq.0.4, 4.ltoreq.n.ltoreq.10, 0.ltoreq.b.ltoreq.0.2,
0.13.Itoreq.x+b.ltoreq.0.4, 0.1.1toreq.y+c.ltoreq.0.6, 0.1.ltoreq.z+d.ltoreq.0.4,
0.56.1toreq.[(1-x-y+a)/(1-y+a+b)].ltoreq.0.72, 1.1.Itoreq.(y+c)/(z+d).ltoreq.1.8,
1.0.1toreq.(y+c)/x.ltoreq.20, and 0.1.Itoreq.x/(z+d).Itoreq.1.2.

Filed:—
Dec 5, 2007

Issued:
Feb 22, 2011

7,892,365 Assignee:

Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Rare earth element-iron-boron alloy, and magnetically anisotropic permanent magnet
powder and method for production thereof

Abstract
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A method of making a magnetically anisotropic magnet powder according to the
present invention includes the steps of preparing a master alloy by cooling a rare-
earth-iron-boron based molten alloy and subjecting the master alloy to an HDDR
process. The step of preparing the master alloy includes the step of forming a
solidified alloy layer, including a plurality of R.sub.2Fe.sub.14B-type crystals (where
R is at least one element selected from the group consisting of the rare-earth elements
and yttrium) in which rare-earth-rich phases are dispersed, by cooling the molten
alloy through contact with a cooling member.

What is claimed is:

1. A rare-earth-iron-boron based alloy comprising [composition of matter] : a first
texture layer having gaps; and a second texture layer on the first texture layer,
wherein the first texture layer accounts for less than 10 vol % of the overall alloy, the
first texture layer consisting essentially of R.sub.2Fe.sub.14B crystals (where R is at
least one element selected from the group consisting of the rare-earth elements and
yttrium) with an average minor-axis size of less than 20 .mu.m, wherein the second
texture layer comprises columnar R.sub.2Fe.sub.14B crystals, the columnar
R.sub.2Fe.sub.14B crystals having an average minor-axis size of 20 .mu.m to 110
.mu.m, and wherein rare-earth-rich phases are dispersed at an average interval of 50
.mu.m or less in the columnar R.sub.2Fe.sub.14B crystals of the second texture
layer.

Filed: Nov16,
2007

Issued:
Feb 8, 201

Expires:
Nov 2027

7,883,587 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Method for preparing rare earth permanent magnet

Abstract
A rare earth permanent magnet is prepared by providing a sintered magnet body

consisting of 12-17 at % of rare earth, 3-15 at % of B, 0.01-11 at % of metal element,
0.1-4 at % of O, 0.05-3 at % of C, 0.01-1 at % of N, and the balance of Fe, disposing
on a surface of the magnet body a powder comprising an oxide, fluoride and/or
oxyfluoride of another rare earth, and heat treating the powder-covered magnet body
at a temperature below the sintering temperature in vacuum or in an inert gas, for
causing the other rare earth to be absorbed in the magnet body.
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The invention claimed is:

1. A method for preparing a rare earth permanent magnet [process/method] ,
comprising the steps of: disposing a powder on a surface of a sintered magnet body
of R.sup.1.sub.aT.sub.bB.sub.cM.sub.dO.sub.eC.sub.fN.sub.g composition wherein
R.sup.1 is at least one element selected from rare earth elements inclusive of Sc and
Y, T is at least one element selected from Fe and Co, M is at least one element
selected from the group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga,
Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sh, Hf, Ta, and W, and "a" to ""g" indicative of
atomic percent based on the alloy are in the range: 12.ltoreq.a.ltoreq.17,
3.ltoreq.c.ltoreq.15, 0.01.Itoreq.d.Itoreq.11, 0.1.ltoreq.e.ltoreq.4,
0.05.1toreq.f.Itoreq.3, 0.01.Itoreq.g.ltoreq.1, and the balance of b, and
a.gtoreq.12.5+(e+f+g).times.0.67-c.times.0.11, said powder comprising at least one
compound selected from among an oxide of R.sup.2, a fluoride of R.sup.3, and an
oxyfluoride of R.sup.4 wherein each of R.sup.2, R.sup.3, and R.sup.4 is at least one
element selected from rare earth elements inclusive of Sc and Y, and heat treating the
magnet body having the powder disposed on its surface at a temperature equal to or
below the sintering temperature of the magnet body in vacuum or in an inert gas for 1
minute to 100 hours, for causing at least one of R.sup.2, R.sup.3 and R.sup.4 in the
powder to be absorbed in the magnet body.

Filed:
February 5,
2004

Issued:
February 1,
2011

Expires:

7,879,469 Assignee:
TDK Corporation

(JAPAN)

Ferrite magnet powder, sintered magnet, bond magnet, and magnetic recording
medium

Abstract

A ferrite magnet powder is represented by the composition formula
AFe.sup.2+.sub.a(1-x)M.sub.axFe.sup.3+.sub.bO.sub.27, wherein A represents at
least one element selected from the group consisting of Sr, Ba, and Pb; and M
represents at least one element selected from the group consisting of Zn, Co, Mn, and
Ni, and wherein 0.05.1toreq.x.Itoreq.0.80, 1.5.Itoreg.a.ltoreq.2.2, and
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Feb 2024 12.ltoreq.b.Itoreq.17. A high saturation magnetization 4.pi.ls can be achieved by the
partial substitution of the Fe.sup.2+ site of a W-type ferrite with an element M such
as Zn within a certain range.

The invention claimed is:

1. A ferrite magnet powder represented by the composition formula [composition of
matter] AFe.sup.2+.sub.a(1-x)M.sub.axFe.sup.3+.sub.bO.sub.27, wherein A
represents at least one element selected from the group consisting of Sr, Ba, and Pb;
and M represents at least one element selected from the group consisting of Zn, Co,
Mn, and Ni, characterized in that 0.30.1toreq.x.ltoreq.0.70, 1.5.ltoreq.a.ltoreq.2.2,
12.ltoreq.b.Itoreq.17, and the ferrite magnet powder has a saturation magnetization of
5.0 kG or more.

7. A sintered magnet represented by the composition formula [composition of
matter] AFe.sup.2+.sub.a(1-x)M.sub.axFe.sup.3+.sub.bO.sub.27, wherein A
represents at least one element selected from the group consisting of Sr, Ba, and Pb;
and M represents at least one element selected from the group consisting of Zn, Co,
Mn, and Ni, characterized in that 0.30.1toreq.x.ltoreq.0.70, 1.5.ltoreq.a.ltoreq.2.2,
12.1toreq.b.Itoreq.17, and the sintered magnet has a saturation magnetization of 5.0
kG or more.

14. A bonded magnet comprising [composition of matter] : a ferrite magnet powder
represented by the composition formula AFe.sup.2+.sub.a(1-
X)M.sub.axFe.sup.3+.sub.bO.sub.27, wherein A represents at least one element
selected from the group consisting of Sr, Ba, and Pb; and M represents at least one
element selected from the group consisting of Zn, Co, Mn, and Ni, and wherein
0.30.Itoreq.x.ltoreq.0.70, 1.5.1toreg.a.ltoreq.2.2, and 12.1toreq.b.Itoreq.17: and a resin
phase that disperses and retains said ferrite magnet powder, and the bonded magnet
has a saturation magnetization of 5.0 kG or more.

Filed: 7,871,475 Assignee: Rare-earth magnet and manufacturing method thereof and magnet motor

Aug 3, 2009
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Issued:
Jan 18, 2011

Expires:
Aug 2029

Hitachi, Ltd.

(Tokyo, JAPAN)

Abstract

The object of the present invention is to provide a rare earth magnet which enables to
achieve a good balance between high coercive force and high residual magnetic flux
density, and its manufacturing method. The present invention provides a rare earth
magnet in which a layered grain boundary phase is formed on a surface or a potion of
a grain boundary of Nd.sub.2Fe.sub.14B which is a main phase of an R--Fe--B (R is
a rare-earth element) based magnet, and wherein the grain boundary phase contains a
fluoride compound, and wherein a thickness of the fluoride compound is 10 .mu.m or
less, or a thickness of the fluoride compound is from 0.1 .mu.m to 10 .mu.m, and
wherein the coverage of the fluoride compound over a main phase particle is 50% or
more on average. Moreover, after layering fluoride compound powder, which is
formed in plate-like shape, in the grain boundary phase, the rare earth magnet is
manufactured by quenching the layered compound after melting it at a vacuum
atmosphere at a predetermined temperature, or by heating and pressing the main
phase and the fluoride compound to make the fluoride compound into a layered
fluoride compound along the grain boundary phase.

What is claims is:

1. A rare-earth magnet in which [composition of matter] a layered grain boundary
phase, having an average thickness of 1-100 nm, is formed in a coverage of 50% or
more on a portion of a grain boundary of Nd.sub.2Fe.sub.14B which is a main phase
of an R--Fe--B (R; rare-earth element) based magnet, wherein the grain boundary
phase contains at least one fluoride compound, and wherein the at least one fluoride
compound of the grain boundary phase contains plural rare-earth elements and iron.

Filed:
June 26, 2007

Issued:
January 11,
2011

7,867,343 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Rare earth magnet and method for production thereof

Abstract

In a rare earth magnet, an added heavy rare earth element R.sub.H such as Dy is
effectively used without any waste, so as to effectively improve the coercive force.
First, a molten alloy of a material alloy for an R-T-Q rare earth magnet (R is a rare
earth element, T is a transition metal element, and Q is at least one element selected
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Expires:
June 2027

from the group consisting of B, C, N, Al, Si, and P), the rare earth element R
containing at least one kind of element R.sub.L selected from the group consisting of
Nd and Pr and at least one kind of element R.sub.H selected from the group
consisting of Dy Tb, and Ho is prepared. The molten alloy is quenched, so as to
produce a solidified alloy. Thereafter, a thermal treatment in which the rapidly
solidified alloy is held in a temperature range of 400.degree. C. or higher and lower
than 800.degree. C. for a period of not shorter than 5 minutes nor longer than 12
hours is performed. By the thermal treatment, the element R.sub.H can be moved
from the grain boundary phase to the main phase, so that the coercive force is
increased.

What is claimed is:

1. An R-T-B rare earth permanent sintered magnet containing [composition of
matter] an R.sub.2T.sub.14B phase (R is a rare earth element, T is a transition metal
element, and B is boron) as a main phase and an R-rich phase that is positioned in a
grain boundary of the R.sub.2T.sub.14B phase, a concentration of the rare earth
element R in the R-rich phase is higher than that in the R.sub.2T.sub.14B phase,
wherein the rare earth element R contains at least one kind of element R.sub.L
selected from the group consisting of Nd and Pr, and at least one kind of element
R.sub.H selected from the group consisting of Dy, Th, and Ho, and the element
R.sub.H accounts for 10 at % or more of the total of the contained rare earth element,
and a mole fraction of the element R.sub.H included in the R.sub.2T.sub.14B phase
is larger than a mole fraction of the element R.sub.H in the total of the contained rare
earth element, wherein the rare earth element R is 11 at % or more and 17 at % or
less of the total, the transition metal element T is 75 at % or more and 84 at % or less
of the total, and the element B is 5 at % or more and 8 at % or less of the total.

Filed:
June 28, 2005

Issued:
Dec 28, 2010

7,858,023 Assignee:
TDK Corporation

(Tokyo, JAPAN)

Method for producing raw material powder for rare earth sintered magnet, method for
producing rare earth sintered magnet, granule and sintered body

Abstract
A method for producing a rare earth sintered magnet uses granules having an
excellent fluidity to improve the dimensional accuracy and production of a compact
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Expires:
June 2025

formed of the granules without significant property losses. The granules are formed
by adding an organic liquid to primary alloy particles having a predetermined
composition to produce granules having the primary alloy particles adhered together
by the organic liquid. Preferably, from 1.5 to 15.0% by weight of the organic liquid is
added to the primary alloy particles.

The invention claimed is:

1. A method for producing a rare earth sintered magnet comprising
[process/method] the steps of: charging into a die cavity granules of primary alloy
particles having a predetermined composition adhered together by an organic liquid
free of polymer and comprising at least one member selected from the group
consisting of ethanol, toluene, methyl isobutyl ketone, diethylene glycol monoethyl
ether, terpene compounds, diethylene glycol monobutyl ether, diethylene glycol
monobutyl ether acetate, n-butyl acetate, ethylene glycol monobutyl ether,
cyclohexanol, terpineol, pinene, dibutyl ether, xylene, cyclohexanone, propionic
anhydride, and menthane; obtaining a compacted body by applying a magnetic field
to the granules and compressing the granules; and sintering the compacted body.

Filed:
June 28, 2005

Issued:
Dec 7, 2010

Expires:
June 2025

7,846,273 Assignee:
TDK Corporation

(Tokyo, JAPAN)

R-T-B type alloy, production method of R-T-B type alloy flake, fine powder for R-T-
B type rare earth permanent magnet, and R-T-B type rare earth permanent magnet

Abstract

An R-T-B type alloy (wherein R is at least one member selected from rare earth
elements, T is a transition metal including Fe, and B includes boron) which is a raw
material for use in a rare earth-based permanent magnet, wherein the volume
percentage of the region containing an R.sub.2T.sub.17 phase having an average
grain diameter of 3 .mu.m or less in the short axis direction is from 0.5 to 10%.

What is claimed is:
1. An R-T-B type alloy for use in a rare earth-based permanent magnet, comprising

[composition of matter] an R.sub.2T.sub.14B phase as the main phase, and
comprising a region containing an R.sub.2T.sub.17 phase having an average grain
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diameter of 3 .mu.m or less in a short axis direction, wherein R is at least one
member selected from rare earth elements, and R is at least one of Dy or Th, T is a
transition metal comprising Fe, and B comprises boron, and wherein the volume
percentage of the region containing the R.sub.2T.sub.17 phase having an average
grain diameter of 3 .mu.m or less in the short axis direction is from 0.5 to 10% of the

entire alloy.
Filed: 7,842,140 Assignee: Iron-based rare-earth nanocomposite magnet and method for producing the magnet
Dec 13, 2005

Hitachi Metals, Ltd. | Abstract

Issued: The iron-based rare-earth nanocomposite magnet of the present invention has a
Nov 30, 2010 (Tokyo, JAPAN) composition T.sub.100-x-y-z-nQ.sub.xR.sub.yTi.sub.zM.sub.n, where T is Fe or a

transition metal element in which Fe is partially replaced by Co and/or Ni; Q is B
Expires: and/or C; R is at least one rare-earth element including substantially no La or Ce; and
Dec 2025 M is at least one metal element selected from Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb,

Mo, Ag, Hf, Ta, W, Pt, Au and Pb. X, y, z and n satisfy 5.ltoreq.x.ltoreq.10 at %,
7.ltoreq.y.ltoreq.10 at %, 0.1.ltoreq.z.Itoreq.5 at % and 0.ltoreq.n.ltoreq.10 at %,
respectively. The magnet includes R.sub.2Fe.sub.14B-type compound phases and
.alpha. --Fe phases forming a magnetically coupled nanocomposite magnet structure.
The R.sub.2Fe.sub.14B-type compound phases have an average crystal grain size of
30 nm to 300 nm and the .alpha. --Fe phases have an average crystal grain size of 1
nm to 20 nm. The magnet has magnetic properties including a coercivity of at least
400 kA/m and a remanence of at least 0.9 T The invention claimed is:

1. An iron-based rare-earth nanocomposite magnet having a composition

[composition of matter] represented by the formula:T.sub.100-x-y-z-

nQ.sub.xR.sub.yTi.sub.zM.sub.n, where T is either Fe alone or Fe in combination

with at least one element selected from the group consisting of Co and Ni; Q is at

least one element selected from the group consisting of B and C; R is at least one

rare-earth element including substantially no La or Ce; and M is at least one metal

element selected from the group consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb,

Mo, Ag, Hf, Ta, W, Pt, Au and Pb, the mole fractions X, y, z and n satisfying the

inequalities of 5 at % .Itoreq.x .ltoreq.8 at %, 7 at % .Itoreq.y .Itoreq.10 at %, 0.1 at %
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toreq.z .Itoreq.5 at % and 0 at % .Itoreq.n .Itoreq.10 at %, respectively, wherein the
magnet includes R.sub.2T.sub.14Q compound phases and .alpha. --Fe phases that
form a magnetically coupled nanocomposite magnet structure, and wherein the
R.sub.2T.sub.14Q compound phases have an average crystal grain size of 20 nm or
more and the .alpha. --Fe phases are present at grain boundary triple points in a grain
boundary region between the R.sub.2T.sub.14Q compound phases, the grain
boundary region having a thickness of 20 nm or less, wherein a ratio of the average
crystal grain size of the R.sub.2T.sub.14Q compound phases relative to that of the
.alpha. --Fe phases is 2.0 or more, and wherein the magnet has magnetic properties
including a coercivity of at least 400 kKA/m and a remanence of at least 0.9 T.

5. A method for producing an iron-based rare-earth nanocomposite magnet
[process/method] , the method comprising the steps of: preparing a molten alloy
having a composition represented by the formula: T.sub.100-x-y-z-
nQ.sub.XR.sub.yTi.sub.zM.sub.n , where T is either Fe alone or Fe in combination
with at least one element selected from the group consisting of Co and Ni; Q is at
least one element selected from the group consisting of B and C; R is at least one
rare-earth element including substantially no La or Ce; and M is at least one metal
element selected from the group consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb,
Mo, Ag, Hf, Ta, W, Pt, Au and Pb, the mole fractions X, y, z and n satisfying the
inequalities of 5 at %.ltoreq.x.ltoreq.8 at %, 7 at %.ltoreq.y.ltoreq.10 at %, 0.1 at
%.ltoreq.z.Itoreq.5 at % and 0 at %.ltoreq.n.ltoreq.10 at %, respectively; rapidly
cooling and solidifying the molten alloy to make a rapidly solidified alloy including
at least 20 vol % of R.sub.2T.sub.14 Q compound phases with an average crystal
grain size of 80 nm or less; and heating the rapidly solidified alloy, thereby making
an iron-based rare-earth nanocomposite magnet including the R.sub.2T.sub.14Q
compound phases and .alpha. --Fe phases that form a magnetically coupled
nanocomposite magnet structure, where the R.sub.2T.sub.14Q compound phases
have an average crystal grain size of 20 nm or more, the .alpha. --Fe phases are
present at grain boundary triple points in a grain boundary region between the
R.sub.2T.sub.14Q compound phases, the grain boundary region having a thickness of
20 nm or less, wherein a ratio of the average crystal grain size of the
R.sub.2T.sub.14Q compound phases relative to that of the .alpha. --Fe phases is 2.0
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or more, and the magnet has magnetic properties including a coercivity of at least 400
KA/m and a remanence of at least 0.9 T

Filed:
March 10,
2006

Issued:
Nov 23, 2010

Expires:
March 2026

7,837,893 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN

Oxide-type, magnetic material and its production method, and sintered ferrite magnet
and its production method

Abstract

A sintered ferrite magnet having an M-type ferrite structure and comprising Ca, an R
element which is at least one rare earth element indispensably including La, Ba, Fe
and Co as indispensable elements, which is represented by Ca.sub.1-x-
yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z, wherein (1-x-y), X, Yy, z and n are numbers
representing the amounts of Ca, the R element, Ba and Co and a molar ratio, meeting
0.2.1toreq.x.ltoreq.0.65, 0.001.Itoreq.y.ltoreq.0.2, 0.03.ltoreq.z.ltoreq.0.65, and
4.Itoreq.n.ltoreq.7.

What is claimed is:

1. An oxide-type, magnetic material [composition of matter] based on ferrite
having a hexagonal structure, comprising Ca, an R element which is at least one rare
earth element indispensably including La, Ba, Fe and Co as indispensable elements,
the composition ratios of Ca, R, Ba, Fe and Co being represented by the following
general formula: Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z (by atomic ratio),
wherein (1-x-y), X, Y, z and n are numbers representing the amounts of Ca, the R
element, Ba and Co and a molar ratio, respectively, meeting the following conditions:
0.2.1toreq.x.ltoreq.0.65, 0.001.ltoreq.y.ltoreq.0.2, 0.3.Itoreq.1-x-y.ltoreq.0.6,
0.03.Itoreq.z.Itoreq.0.65, and 4.ltoreq.n.ltoreq.7.

9. A method for producing [process/method] an oxide-type, magnetic material
based on ferrite having a hexagonal structure and comprising Ca, an R element which
is at least one rare earth element indispensably including La, Ba, Fe and Co as
indispensable elements, the composition ratios of Ca, R, Ba, Fe and Co being
represented by the following general formula: Ca.sub.1-x-
yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z (by atomic ratio), wherein (1-x-y), X, y, z and
n are numbers representing the amounts of Ca, the R element, Ba and Co and a molar
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ratio, respectively, meeting the following conditions: 0.2.1toreq.x.ltoreq.0.65,
0.001.ltoreq.y.ltoreq.0.2, 0.3.1toreq.1-x-y.Itoreq.0.6, 0.03.Itoreq.z.Itoreq.0.65, and
4.Itoreq.n.ltoreq.7, said method comprising the steps of mixing a Ca compound, an R
compound, a Ba compound, an iron compound and a Co compound to obtain said
composition, and calcining the resultant mixture.

Filed:
July 22, 2005

Issued:
November 9,
2010

Expires:
July 2025

7,828,988 Assignee:

Panasonic
Corporation

(Osaka, JAPAN)

Anisotropic rare earth bonded magnet having self-organized network boundary phase
and permanent magnet motor utilizing the same

Abstract

An anisotropic rare-earth bonded magnet having a network boundary phase is
provided by imparting melt fluidity accompanied by a slip to a composite granule
and compressing and molding the composite granule in a magnetic field together
with extensible polymer molecules and a chemical contact. In the bonded magnet, the
maximum energy product is 147 kJ/m.sup.3 in the thickness of 1 mm, or 127
kd/m.sup.3 in the thickness of 300 .mu.m. This bonded magnet contributes to
increase in output and decrease in size and weight of a permanent-magnet motor.

The invention claimed is:

1. An anisotropic rare-earth bonded magnet including [composition of matter] a
structure where a composite granule having rare-earth magnet powder, one of
oligomer and prepolymer having a reaction substrate, and extensible polymer
molecules is compressed and molded together with the extensible polymer molecules
and a chemical contact, a boundary phase mainly made of the extensible polymer
molecules is arranged in a network shape around the composite granule, the
composite granule and the extensible polymer molecules are chemically bonded
together at a chemical contact point, and wherein, pentaerythritol fatty triester
compound (PETE) is used as a lubricant.

Filed:
December 14,

7,824,506 Assignee:

Japan Science and

Nd-Fe-B magnet with modified grain boundary and process for producing the same

Abstract
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2005

Issued:
November 2,
2010

Expires:
Dec 2025

Technology
Agency,

(JAPAN)

Osaka University
(JAPAN)

In known methods, an improvement of the coercive force is realized by allowing the
Dy metal or the like to present selectively in crystal grain boundary portions of a
sintered magnet. However, since these are based on a physical film formation
method, e.g., sputtering, through the use of a vacuum vessel, there is a mass
productivity problem when a large number of magnets are treated. Furthermore, there
is a magnet cost problem from the viewpoint that, for example, an expensive, high-
purity Dy metal or the like must be used as a raw material for film formation. The
method for modifying grain boundaries of a Nd--Fe--B base magnet includes the step
of allowing an M metal component to diffuse and penetrate from a surface of a Nd--
Fe--B base sintered magnet body having a Nd-rich crystal grain boundary phase
surrounding principal Nd.sub.2Fe.sub.14B crystals to the grain boundary phase
through a reduction treatment of a fluoride, an oxide, or a chloride of an M metal
element (where M is Pr, Dy, Th, or Ho).

The invention claimed is:

1. A method [process/method] for modifying grain boundaries of a Nd--Fe--B base
magnet comprising: placing a Nd--Fe--B base sintered magnet body in contact with a
compound selected from a fluoride, an oxide, or a chloride of an M metal element
(where M is Pr, Dy, Th, or Ho); reducing the compound of M metal element by using
a chemical reducing agent selected from the group consisting of Ca metal, Mg metal
or a hydride thereof such that M metal element deposits on the Nd--Fe--B base
sintered magnet body; and keeping the Nd--Fe--B base sintered magnet body at a
temperature in a range of 800.degree. C. to 1100.degree. C., wherein the M metal
element to diffuse and penetrate from a surface of the Nd--Fe--B base sintered
magnet body having a Nd-rich crystal grain boundary phase surrounding principal
Nd.sub.2Fe.sub.14B crystals to the grain boundary phase.

Filed:
Jan 28, 2009

Issued:
Sept 21, 2010

7,800,271

Assignee:
Hitachi, Ltd.

(Tokyo, JAPAN)

Sintered magnet and rotating machine equipped with the same

Abstract

The sintered magnet and the rotating machine equipped with the same are disclosed.
The sintered magnet includes crystal grains of a ferromagnetic material consisting
mainly of iron, and a fluoride compound or oxyfluoride compound layer containing
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Expires: Jan
2029

at least one element selected from an alkali metal element, an alkali earth metal
element, and a rare earth element. The layer is formed inside some of the crystal
grains or in a part of a grain boundary part. An oxyfluoride compound or fluoride
compound layer containing carbon in a stratified form is formed on an outermost
surface of the crystal grains. The fluoride compound or oxyfluoride compound layer
has a concentration gradient of carbon, contains at least one light rare earth element
and at least one heavy rare earth element. The heavy rare earth element has a
concentration lower than that of the light rare earth element.

What is claimed is:

1. A rotating machine comprising a sintered magnet, wherein the sintered magnet
includes [composition of matter] crystal grains of a ferromagnetic material
consisting mainly of iron, and a layer of a fluoride compound or a layer of an
oxyfluoride compound, containing at least one element selected from the group
consisting of an alkali metal element, an alkali earth metal element, and a rare earth
element, the layer of the fluoride compound or the layer of the oxyfluoride compound
being formed inside some of the crystal grains or in a part of a grain boundary part, a
fluoride compound or oxyfluoride compound containing carbon in a stratified form is
formed on an outermost surface of the sintered magnet, the layer of fluoride
compound or the layer of oxyfluoride compound formed inside some of the crystal
grains or in the part of the grain boundary contains at least one light rare earth
element and at least one heavy rare earth element, and the at least one heavy rare
earth element has a concentration lower than that of the light rare earth element, and
the layer of the fluoride compound or the layer of the oxyfluoride compound formed
in some of the crystal grains or in the part of the grain boundary has a difference in
continuity thereof between a direction parallel to a direction of anisotropy and a
direction perpendicular to the direction of anisotropy.

Filed:
Oct 2, 2006

Issued:

7,794,859 Assignee:

TDK Corporation

(Tokyo, JAPAN)

Rare-earth magnet

Abstract
A rare-earth magnet having a protective film for enhancing a corrosion resistance is
provided. The protective film is a three-layer film including a first protective layer
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Sept 14, 2010
Expires:

Oct 2026

with a crystalline structure .alpha. (for example, a polycrystalline structure), a second
protective layer with a crystalline structure .beta. (for example, a columnar-
crystalline structure), and a third protective layer with the crystalline structure .alpha.
from the side near a magnet body. Since the adjoining first and second protective
layers have different crystalline structures from each other, and the adjoining second
and third protective layers have also different crystalline structures from each other,
compactness among the three layers in the protective film may be improved.
Therefore, development of a pinhole is restrained, and corrosion of the protective
film can be restrained.

What is claimed is:

1. A rare-earth magnet comprising: a magnet body constituted of [composition of
matter] a sintered magnet containing a transition metal element and a rare earth
element; and a protective film covering a surface of the magnet body; wherein the
protective film includes a four-layered structure composed of a first protective layer,
a second protective layer, a third protective layer and a fourth protective layer, the
first protective layer having a polycrystalline structure and being adjacent to the
magnet body, the second protective layer having a polycrystalline structure and being
away from the magnet body, the third protective layer having a columnar-crystalline
structure grown in a radial pattern which is interposed between the first protective
layer and the second protective layer and being adjacent to the first protective layer,
and the fourth protective layer having a columnar-crystalline structure grown in a
radial pattern which is interposed between the second protective layer and the third
protective layer and being adjacent to the second protective layer and the third
protective layer.

Filed:
March 23,
2005

Issued:
September 7,

7,790,300 Assignee:

Japan Science and
Technology
Agency (Saitama,
JAPAN) ,

R-Fe-B based thin film magnet and method for preparation thereof

Abstract

An R--Fe--B based thin film magnet including an R--Fe--B based alloy which
contains 28 to 45 percent by mass of R element (where R represents at least one type
of rare-earth lanthanide elements) and which is physically formed into a film,
wherein the R--Fe--B based alloy has a composite texture composed of
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2010

Expires:
March 2025

Hitachi Metals, Ltd.
(Tokyo, JAPAN),

Namiki Precision
Jewel Co., Ltd.
(Tokyo, JAPAN)

R.sub.2Fe.sub.14B crystals having a crystal grain diameter of 0.5 to 30 .mu.m and R-
element-rich grain boundary phases present at boundaries between the crystals. The
magnetization characteristics of the thin film magnet are improved. The R--Fe--B
based thin film magnet can be prepared by heating to 700.degree. C. to 1,200.degree.
C. during physical film formation or/and the following heat treatment, so as to grow
crystal grains and form R-element-rich grain boundary phases.

The invention claimed is:

1. An R--Fe--B alloy based thin film magnet comprising [composition of matter] an
R--Fe--B based alloy which contains 28 to 45 percent by mass of R element (where R
represents at least one type of rare-earth lanthanide elements) and which is deposited
on a base material by a physical film forming method into an alloy film, wherein the
alloy film has a thickness is 0.2 to 400 .mu.m, and wherein the R--Fe--B based alloy
has a composite texture comprising R.sub.2Fe.sub.14B crystals grown by heat
treatment of said alloy film and having a crystal grain diameter of 3 to 30 .mu.m
which is larger than a single-magnetic-domain grain diameter, wherein a plurality of
magnetic domains are present in the crystal grains, and R-element-rich grain
boundary phases formed by the heat treatment is present at boundaries between the
crystals, and the R--Fe--B alloy has a nucleation type coercive force.

3. A method for preparation [process/method] of the R--Fe--B alloy based thin film
magnet, the method comprising the step of: forming an alloy film having a thickness
of 0.2 to 400 .mu.m by depositing on a base material by a physical film forming
method an R--Fe--B based alloy which contains 28 to 45 percent by mass of R
element (where R represents at least one type of rare-earth lanthanide elements);
heating the R--Fe--B based alloy in a vacuum or in a non-oxidizing atmosphere to
800.degree. C. to 1,200.degree. C. during physical alloy film formation or/and the
following heat treatment, so as to grow crystal grains to diameters of 3 to 30 .mu.m
and form R-element-rich grain boundary phases present at boundaries between the
crystals, whereby obtaining the R--Fe--B alloy based thin film magnet comprising an
R--Fe--B based alloy which contains 28 to 45 percent by mass of R element (where R
represents at least one type of rare-earth lanthanide elements) on a base material and

(CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the
U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.

This table is © 07-02-2014. The newest Table is online at http://cmi.ameslab.com/resources/magnet-table



http://cmi.ameslab.com/resources/magnet-table

U.S. Rare Earth Magnet Patents Table

113

© 07-02-2014  page

Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare- earth-magnet patents issued by the U.S. Patent and Trademark Office. It was
created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the United
States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

which is deposited by a physical film forming method into an alloy film, wherein the
alloy film has a thickness is 0.2 to 400 .mu.m, and wherein the R--Fe--B based alloy
has a composite texture comprising R.sub.2Fe.sub.14B crystals grown by heat
treatment of said alloy film and having a crystal grain diameter of 3 to 30 .mu.m
which is larger than a single-magnetic-domain grain diameter, wherein a plurality of
magnetic domains are present in the crystal grains and R-element-rich grain boundary
phases formed by the heat treatment are present at boundaries between the crystals,
and the R--Fe--B alloy has a nucleation type coercive force.

Filed:
Sept 18, 2009

Issued:
Sept 7, 2010

Expires:
Sept 2029

7,789,933

Assignee:

Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-T-B based sintered magnet

Abstract

An R-T-B based sintered magnet according to the present invention comprises: 12 at
% to 15 at % of a rare-earth element R; 5.0 at % to 8.0 at % of boron B; 0.02 at % to
0.2 at % of Mn; and a transition metal T as the balance. The rare-earth element R is at
least one element selected from the rare-earth elements, including Y (yttrium), and
includes 0.2 at % to 8 at % of Pr. And the transition element T includes Fe as its main
element.

What is claimed is:

1. An R-T-B based sintered magnet having a composition comprising [composition
of matter] : 12 at % to 15 at % of a rare-earth element R; 5.0 at % to 8.0 at % of
boron B; 0.02 at % to less than 0.2 at % of Mn; and a transition metal T as the
balance; wherein the rare-earth element R is at least one element selected from the
group of elements consisting of the rare-earth elements and Y and includes at least
Nd and Pr, where the content of Pr being 0.2 at % to 8 at % of the sintered magnet;
and the transition metal T includes Fe as its main element

Filed:
Nov 16, 2007

Issued:
February 8,
2011

7,883,587

Assignee:

Shin-Etsu Chemical

Co., Ltd.

(Tokyo, JAPAN)

Method for preparing rare earth permanent magnet

Abstract

A rare earth permanent magnet is prepared by providing a sintered magnet body
consisting of 12-17 at % of rare earth, 3-15 at % of B, 0.01-11 at % of metal element,
0.1-4 at % of O, 0.05-3 at % of C, 0.01-1 at % of N, and the balance of Fe, disposing
on a surface of the magnet body a powder comprising an oxide, fluoride and/or
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Expires:
Nov 2027

oxyfluoride of another rare earth, and heat treating the powder-covered magnet body
at a temperature below the sintering temperature in vacuum or in an inert gas, for
causing the other rare earth to be absorbed in the magnet body.

The invention claimed is:

1. A method for preparing a rare earth permanent magnet [process/method] ,
comprising the steps of: disposing a powder on a surface of a sintered magnet body
of R.sup.1.sub.aT.sub.bB.sub.cM.sub.dO.sub.eC.sub.fN.sub.g composition wherein
R.sup.1 is at least one element selected from rare earth elements inclusive of Sc and
Y, T is at least one element selected from Fe and Co, M is at least one element
selected from the group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga,
Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sh, Hf, Ta, and W, and "a" to ""g" indicative of
atomic percent based on the alloy are in the range: 12.Itoreq.a.ltoreq.17,
3.ltoreq.c.ltoreq.15, 0.01.Itoreq.d.Itoreq.11, 0.1.ltoreg.e.ltoreq.4,
0.05.1toreq.f.Itoreq.3, 0.01.Itoreq.g.ltoreq.1, and the balance of b, and
a.gtoreq.12.5+(e+f+g).times.0.67-c.times.0.11, said powder comprising at least one
compound selected from among an oxide of R.sup.2, a fluoride of R.sup.3, and an
oxyfluoride of R.sup.4 wherein each of R.sup.2, R.sup.3, and R.sup.4 is at least one
element selected from rare earth elements inclusive of Sc and Y, and heat treating the
magnet body having the powder disposed on its surface at a temperature equal to or
below the sintering temperature of the magnet body in vacuum or in an inert gas for 1
minute to 100 hours, for causing at least one of R.sup.2, R.sup.3 and R.sup.4 in the
powder to be absorbed in the magnet body.

Filed:
Aug 9, 2005

Issued:
Aug 31, 2010

Expires:
Aug 2025

7,785,460 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Method for producing rare earth metal-based permanent magnet having copper
plating film on the surface thereof

Abstract

[Problems] To provide a method for producing a rare earth metal-based permanent
magnet having on the surface thereof a copper plating film by using a novel plating
solution for use in a copper electroplating treatment capable of forming a copper
plating film having excellent adhesiveness on the surface of a rare earth metal-based
permanent magnet. [Means for Resolution] The method for producing a rare earth
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metal-based permanent magnet having a copper plating film on the surface thereof
according to the invention is characterized in that it comprises forming a copper
plating film on the surface of a rare earth metal-based permanent magnet by means of
a copper electroplating treatment by using a plating solution having its pH adjusted to
a range from 9.0 to 11.5 and containing at least the following three components: (1)
Cu.sup.2+ ions, (2) a chelating agent having a chelate stability constant of 10.0 or
higher for Cu.sup.2+ ions, and (3) a chelating agent having a chelate stability
constant of 16.0 or higher for Fe.sup.3+ ions (where, the aforementioned chelate
stability constants are confined to conditions of pH 9.0 to 11.5).  The invention
claimed is:

1. A method for producing [process/method] a rare earth metal-based permanent
magnet having a copper plating film on the surface thereof, characterized in that it
comprises forming a copper plating film on the surface of a rare earth metal-based
permanent magnet by means of a copper electroplating treatment by using a plating
solution having its pH adjusted to a range from 9.0 to 11.5 and containing at least the
following three components: (1) Cu.sup.2+ ions, (2) a chelating agent having a
chelate stability constant of 10.0 or higher for Cu.sup.2+ ions at pH of 9.0 to 11.5,
and (3) a chelating agent having a chelate stability constant of 16.0 or higher for
Fe.sup.3+ ions at pH of 9.0 to 11.5.

Filed:
September 8,
2005

Issued:
July 20, 2010

Expires:
Sept 2025

7,758,767 Assignee:
Neomax Co., Ltd.
(Osaka, JAPAN)

Originally
Sumitomo Special
Metals Co., Ltd.,
now a 100%
subsisidiary of
Hitachi Metals.

Oxide magnetic material and sintered magnet

Abstract

An oxide magnetic material according to the present invention is represented by the
formula: (1-x)Ca0.(x/2)R.sub.20.sub.3.(n-y/2)Fe.sub.20.sub.3.yMO, where R is at
least one element selected from the group consisting of La, Nd and Pr and always
includes La, M is at least one element selected from the group consisting of Co, Zn,
Ni and Mn and always includes Co, and the mole fractions x, y and n satisfy
0.4.1toreq.x.1toreq.0.6, 0.2.1toreq.y.ltoreq.0.35, 4.Itoreq.n.ltoreq.6, and
1.4.Itoreq.x/y.ltoreq.2.5. The oxide magnetic material includes a ferrite having a
hexagonal M-type magnetoplumbite structure as a main phase.

The invention claimed is:
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1. A sintered magnet comprising an oxide magnetic material having a composition
[composition of matter] represented by the formula: (1-
x)CaO0.(x/2)R.sub.20.sub.3.(n-y/2)Fe.sub.20.sub.3.yMO, where R is at least one
element selected from the group consisting of La, Nd and Pr and always includes La,
M is at least one element selected from the group consisting of Co, Zn, Ni and Mn
and always includes Co, and the mole fractions X, y and n satisfy
0.4.1toreq.x.ltoreq.0.6, 0.2.ltoreq.y.ltoreq.0.35, 4.Itoreq.n.ltoreq.6, and
1.4.1toreq.x/y.ltoreq.2.5, wherein the oxide magnetic material consists essentially of a
ferrite having a hexagonal M-type magnetoplumbite structure, and wherein the
sintered magnet has a coercivity HcJ of 370 kKA/m or more.

Filed:
Nov 17, 2005

Issued:
June 22, 2010

Expires:
Nov 2025

7,740,716 Assignee:
TDK Corporation

(Tokyo, JAPAN)

Rare earth sintered magnet

Abstract

The present invention provides a technigue to improve an adhesion strength between
a magnet main body and a protective film. The rare earth sintered magnet of the
present invention comprises a magnet main body of a sintered body containing a rare
earth element and a protective film formed on the magnet main body, wherein the
ratio of a 10-point average surface roughness Rz of the magnet main body on which
the protective film is formed to a mean grain size D50 in the magnet main body
(Rz/D50 ratio) is kept in a range from 0.20 to 10.00, inclusive. This gives the rare
earth sintered magnet which is coated with the protective film having a high adhesion
strength of 100 N/m or more and exhibits high corrosion resistance. The invention
claimed is:

1. A rare earth sintered magnet comprising [composition of matter] a magnet main
body of a sintered body containing a rare earth element and a protective film formed
on the magnet main body, characterized in that the ratio of a 10-point average surface
roughness Rz of the magnet main body on which the protective film is formed to a
mean grain size D50 in the magnet main body (Rz/D50 ratio) is in a range from 0.20
to 0.81 inclusive, the D50 is 2.0 to 15.0 .mu.m, and the Rz is 1.5 to 11 .mu.m, the
rare earth sintered magnet is an R-T-B system sintered magnet, and the protective
film has an adhesion strength of 100 N/m or more.
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Filed: 7,740,715 Assignee: R-T-B based sintered magnet
September 16,
2009 Hitachi Metals, Ltd. | Abstract
An R-T-B based sintered magnet according to the present invention has a
Issued: (Tokyo, JAPAN) composition comprising: 12 at % to 15 at % of a rare-earth element R; 5.0 at % to 8.0
June 22, 2010 at % of boron B; 0.1 at % to at % of Al; 0.02 at % to less than 0.2 at % of Mn; and a
transition metal T as the balance. The rare-earth element R is at least one element
Expires: selected from the rare-e_arth elements, ir_10|uding Y (ytt_rium),_ and includes at least one
Sept 2029 of Nd and Pr. The transition element T includes Fe as its main element.
What is claimed is:
1. An R-T-B based sintered magnet having a composition comprising [composition
of matter] : 12 at % to 15 at % of a rare-earth element R; 5.0 at % to 8.0 at % of B;
0.1 at % to 1.0 at % of Al; 0.02 at % to less than 0.2 at % of Mn; and a transition
metal T as the balance; wherein the rare-earth element R is at least one element
selected from a group of elements consisting of the rare-earth elements and Y and
includes at least one of Nd and Pr; and the transition metal T includes Fe as its main
element.
Filed: 7,722,726 Assignee: Process for producing alloy slab for rare-earth sintered magnet, alloy slab for rare-
March 31, earth sintered magnet and rare-earth sintered magnet
2005 Santoku
Corporation Abstract
lssued: The invention provides a method for producing alloy flakes for rare earth sintered
May 25, 2010 (Hyogo, JAPAN) magnets, which makes uniform the intervals, size, orientation, and shape of the R-
rich region and the dendrites of the 2-14-1 phase, which inhibits formation of chill,
Expires: gnd which pr_odu_ces flak(_as that are pul\_/erized into powder_ of a uniform particle size
March 2025 in the pulve_rlzatlon step in the prodU(_:tlon of arare ea_rth sintered magnet, and t_hat are
pulverized into powder compactable into a product with a controlled shrink ratio, and
alloy flakes for a rare earth sintered magnet obtained by the method, and a rare earth
sintered magnet having excellent magnetic properties. The present method includes
preparing an alloy melt of a composition consisting of R of rare earth metal elements
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and the balance M including B and Fe, and supplying and solidifying the alloy melt
on a cooling roll, wherein the roll has on its surface linear nucleation inhibiting
portions for inhibiting formation of dendrites or the like, and nucleating portions for
formation of the dendrites, and wherein the inhibiting portions have a region with a
width of more than 100 .mu.m.

What is claimed is:

1. A method for producing alloy flakes [process/method] for a rare earth sintered
magnet, said alloy flakes having a structure containing an R-rich region and dendrites
of an R.sub.2Fe.sub.14B phase with a dendrite content of not less than 80 vol %, said
method comprising the steps of: (A) preparing an alloy melt of a composition
consisting of: at least one element R selected from the group consisting of rare earth
metal elements including yttrium, boron, and at least one element M selected from
the group consisting of transition metals, silicon, carbon, and mixtures thereof, with
iron being essential, (B) supplying and solidifying said alloy melt prepared in step
(A) on a cooling roll under such conditions as to generate an alloy structure having
an R-rich region and dendrites of an R.sub.2Fe.sub.14B phase with a dendrite content
of not less than 80 vol %, and an average size of crystal grains including said R-rich
region and said dendrites of the R.sub.2Fe.sub.14B phase of not smaller than 40
.mu.m, wherein said cooling roll has on its roll surface a plurality of linear nucleation
inhibiting portions for inhibiting formation of dendrites of a R.sub.2Fe.sub.14B phase
and chill crystals, and a plurality of nucleating portions for formation of said
dendrites, and wherein said nucleation inhibiting portions have a region with a width
of more than 100 .mu.m.

9. Alloy flakes for a rare earth sintered magnet obtained by the method of claim 1,
comprising [composition of matter] at least one element R selected from the group
consisting of rare earth metal elements including yttrium, boron, and at least one
element M selected from the group consisting of transition metals, silicon, carbon,
and mixtures thereof, with iron being essential, and having an alloy structure
containing an R-rich region and dendrites of a R.sub.2Fe.sub.14B phase, with a
dendrite content of not lower than 80 vol % and a chill crystal content of not higher
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than 1 vol %, wherein an average size of crystal grains including said R-rich region
and said dendrites of the R.sub.2Fe.sub.14B phase in the alloy structure is not smaller
than 40 .mu.m.

Filed:
Feb 22, 2005

Issued:
May 11, 2010

Expires:
Feb 2025

7,713,360 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare earth permanent magnet

Abstract

It is an object of the present invention to provide a permanent magnet which is
observed as a uniform structure without microstructures, but shows a pinning type
initial magnetization curve. There is provided a rare earth permanent magnet
comprising a magnetic intermetallic compound comprising R, T, N and an
unavoidable impurity, wherein R is one or more rare earth elements comprising Y, T
is two or more transition metal elements and comprises principally Fe and Co;
wherein the magnetic intermetallic compound has an T/R atomic ratio of 6 to 14; a
magnetocrystalline anisotropy energy of at least 1 MJ/m.sup.3; a Curie point of at
least 100.degree. C.; average particle diameter of at least 3 .mu.m; and a substantially
uniform structure; wherein the rare earth permanent magnet has a structure that gives
a pinning-type initial magnetization curve; and wherein the magnetic intermetallic
compound has a Th.sub.2Zn.sub.17-type structure, and the like.

The invention claimed is:

1. A rare earth permanent magnet comprising [composition of matter] a magnetic
intermetallic compound comprising R, T and an unavoidable impurity, wherein R is
one or more rare earth elements, T is three or more transition metal elements and
comprises principally Fe, Cu and Co; wherein the magnetic intermetallic compound
has an T/R atomic ratio of 6 to 14; a magnetocrystalline anisotropy energy of at least
1 MJ/m.sup.3; a Curie point of at least 100.degree. C.; average particle diameter of at
least 3 .mu.m; wherein the rare earth permanent magnet has a structure that gives a
pinning initial magnetization curve and lacks microstructure of 1 nm or above inside
the magnetic intermetallic compound; wherein no less than 25 to 35 atomic % of the
transition metal T content is replaced by Cu; and wherein the magnetic intermetallic
compound has a ThCu.sub.7 structure, and wherein the intermetallic compound has a
composition formula: R'(Co.sub.1-x-y-aFe.sub.xCu.sub.yT'.sub.a).sub.z Formula (I1)
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wherein R' is one or more rare earth elements comprising Y and comprises
principally Sm or Ce; T' is one or more transition metal elements selected from the
group consisting of Zr, Ti, V, Mo, Nb, W, Hf, Mn, Cr, and Ni; and X, y, aand z are
numbers that satisfy 0.05.ltoreq.x.Itoreq.0.30, 0.25.1toreq.y.ltoreq.0.35,
0.001.Itoreg.a.ltoreq.0.05 and 6.ltoreq.z.ltoreq.14.

Filed:
October 22,
2003

Issued:
April 13, 2010

Expires:
Oct 2023

7,695,574 Assignee:

Showda Denko
K.K.

(Tokyo, JAPAN)

Alloy containing rare earth element, production method thereof, magnetostrictive
device, and magnetic refrigerant material

Abstract

A method for producing an RE-containing alloy represented by formula R(T.sub.1-
xA.sub.x)13.sub.-y (wherein R represents Ce, etc.; T represents Fe, etc.; and A
represents Al, etc; 0.05.1toreq.x.Itoreq.0.2; and -1.ltoreq.y.ltoreq.1) including a
melting step of melting alloy raw materials at 1,200 to 1,800.degree. C.; and a
solidification step of rapidly quenching the molten metal produced through the above
step, to thereby form the first RE-containing alloy, wherein the solidification step is
performed at a cooling rate of 10.sup.2 to 10.sup.4.degree. C./second, as measured at
least within a range of the temperature of the molten metal to 900.degree. C.; and an
RE-containing alloy, which is represented by a compositional formula of
R.sub.rT.sub.tA.sub.a (wherein R and A represent the same meaning as above, T
represents Fe, etc.; 5.0 at. %.ltoreq.r.ltoreq.6.8 at. %, 73.8 at. %.ltoreq.t.Itoreq.88.7 at.
%, and 4.6 at. %.ltoreg.a.ltoreq.19.4 at. %) and has an alloy microstructure
containing an NazZn.sub.13-type crystal structure in an amount of at least 85 mass %
and .alpha.-Fe in an amount of 5-15 mass % inclusive.

The invention claimed is:

1. A method for producing [process/method] an RE-containing alloy represented by
formula R(T.sub.1-xA.sub.x).sub.13-y (wherein R represents at least one species
selected from among La, Ce, Pr, Nd, Sm, Eu, Th, Dy, Ho, Tm, Yb, Gd, and Lu; T
represents at least one species selected from among Fe, Co, Ni, Mn, Pt, and Pd; and
A represents at least one species selected from among Al, As, Si, Ga, Ge, Mn, Sn,
and Sb (0.05.ltoreq.x.Itoreq.0.2; and -1.ltoreq.y.ltoreq.1)) comprising: a melting step
of melting alloy raw materials at 1,200 to 1,800.degree. C.; and a solidification step
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of solidifying the molten metal produced through the above melting step by rapidly
quenching the molten metal, to thereby form the RE-containing alloy, wherein the
solidifying is performed at a cooling rate of 10.sup.2 to 10.sup.4.degree. C./second,
as measured at least within a range of the temperature of the molten metal to
900.degree. C., and wherein in the solidification step, the molten metal is rapid-
quenched through any of strip casting, centrifugal casting with a tundish having a
rotatable disk, and centrifugal casting.

6. An RE-containing alloy [composition of matter] , which is represented by the
formula R(T.sub.1-xA.sub.x).sub.13-y (wherein R represents at least one species
selected from among La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Tm, Yb, Gd, and Lu; T
represents at least one species selected from among Fe, Co, Ni, Mn, Pt, and Pd; and
A represents at least one species selected from among Al, As, Si, Ga, Ge, Mn, Sn,
and Sb (0.05.1toreq.x.Itoreq.0.2; and -1.ltoreq.y.ltoreq.1)), and which comprises an R-
rich phase, having a relatively high rare earth metal (R) content, and an R-poor phase,
having a relatively low rare earth metal (R) content, wherein the R-rich phase and the
R-poor phase are dispersed at a phase spacing of 0.01 to 100 .mu.m.

Filed:
March 7, 2008

Issued:
April 6, 2010

Expires:
March 2028

7,691,323 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare-earth alloy, rare-earth sintered magnet, and methods of manufacturing

Abstract

A rare-earth alloy ingot is produced by melting an alloy composed of 20-30 wt % of
a rare-earth constituent which is Sm alone or at least 50 wt % Sm in combination
with at least one other rare-earth element, 10-45 wt % of Fe, 1-10 wt % of Cu and
0.5-5 wt % of Zr, with the balance being Co, and quenching the molten alloy in a
strip casting process. The strip-cast alloy ingot has a content of 1-200 .mu.m size
equiaxed crystal grains of at least 20 vol % and a thickness of 0.05-3 mm. Rare-earth
sintered magnets made from such alloys exhibit excellent magnetic properties and
can be manufactured under a broad optimal temperature range during sintering and
solution treatment. The invention claimed is:

1. A method of manufacturing [process/method] an anisotropic rare-earth sintered
magnet having a maximum energy product (BH).sub.max of at least 25 MGOe, the
method comprising heat-treating a Sm.sub.2Co.sub.17-based permanent magnet alloy

(CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the
U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.

This table is © 07-02-2014. The newest Table is online at http://cmi.ameslab.com/resources/magnet-table



http://cmi.ameslab.com/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=7,691,323&OS=7,691,323&RS=7,691,323

U.S. Rare Earth Magnet Patents Table

122

© 07-02-2014  page

Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare- earth-magnet patents issued by the U.S. Patent and Trademark Office. It was
created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the United
States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

consisting essentially of 20 to 30 wt % of a rare-earth constituent R which is
samarium alone or is at least 50 wt % samarium in combination with at least one
other rare-earth element, 10 to 45 wt % of iron, 1 to 10 wt % of copper, 0.5 to 5 wt %
of zirconium and 0.01 to 1.0 wt % of titanium, with the balance being cobalt and
inadvertent impurities, at 1100 to 1250.degree. C. for 0.5 to 20 hours to give the alloy
a TbCu.sub.7-type crystal structure content of at least 50 vol %; milling the magnet
alloy; molding the milled alloy to form a compact; sintering the compact; solution-
treating the sintered compact; and carrying out aging treatment on the solution-
treated compact.

Filed:
June 25, 2008

Issued:
Feb 2, 2010

Expires:
June 2028

7,655,325 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Rare earth magnet and method for producing same

Abstract

A rare-earth magnet includes a magnet body made of an R--Fe--B based rare-earth
magnet material (where R is at least one rare-earth element) and a metal film that has
been deposited on the surface of the magnet body. The magnet further includes a
plurality of reaction layers between the magnet body and the metal film. The reaction
layers include: a first reaction layer, which contacts with at least some of
R.sub.2Fe.sub.14B type crystals, included in the magnet body, to have received the
rare-earth element that has been included in the R.sub.2Fe.sub.14B type crystals; and
a second reaction layer, which is located between the first reaction layer and the
metal film and which has a lower rare-earth element concentration than that of the
first reaction layer.

What is claimed is:

1. A rare-earth sintered magnet comprising [composition of matter] : a magnet
body made of an R--Fe--B based rare-earth sintered magnet material, where R is at
least one rare-earth element; a metal film on the surface of the magnet body; a
plurality of reaction layers disposed between the magnet body and the metal film and
including: a first reaction layer, which contacts with at least some of
R.sub.2Fe.sub.14B type crystals included in the magnet body, to have received the
rare-earth element that has been included in the R.sub.2Fe.sub.14B type crystals; and
a second reaction layer, which is located between the first reaction layer and the
metal film and which has a lower rare-earth element concentration than that of the
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first reaction layer; wherein the second reaction layer has received boron that has
been included in the R.sub.2Fe.sub.14B type crystals and has a higher boron
concentration than that of the first reaction layer.

Filed: 7,645,349 Assignee: Sintered R-Fe-B permanent magnet and its production method
Oct 10, 2006
Hitachi Metals, Ltd. | Abstract

lssued: A sintered permanent magnet having a composition comprising, by mass, 27-33.5%
Jan 12, 2010 (Tokyo, JAPAN) of R, which is at least one of rare earth elements including Y, 0.5-2% of B, 0.002-
0.15% of N, 0.25% or less of O, 0.15% or less of C, and 0.001-0.05% of P, the
balance being Fe, wherein it is in the shape of a ring having an outer diameter of 10-
100 mm, an inner diameter of 8-96 mm, and a height of 10-70 mm, with a plurality of
magnetic poles axially extending on an outer circumferential surface. The distribution
of a surface magnetic flux density B.sub.0 on magnetic poles in an axial direction of
the ring magnet is in a range of 92.5% or more of the maximum of B.sub.0.

Expires:
Oct 2026

What is claimed is:

1. A method for producing [process/method] a radially anisotropic sintered R--Fe-
-B permanent magnet wherein R is at least one of rare earth elements including Y,
comprising the steps of (a) pulverizing a rare earth magnet material to fine powder,
and recovering said fine powder directly in a mineral oil, a synthetic oil or their
mixture to form a slurry, (b) injecting said slurry under pressure into a ring-shaped
die cavity between a hollow cylindrical die member and a solid cylindrical core, in
which said slurry is wet-molded in a radially oriented magnetic field, (c) heating the
resultant ring-shaped green body under reduced pressure to remove said mineral oil,
said synthetic oil or their mixture from said green body, and (d) sintering said green
body, which has said mineral oil, said synthetic oil, or their mixture removed, in
vacuum, wherein said slurry is injected into said ring-shaped die cavity through an
aperture open at an inner surface of said hollow cylindrical die member at an angle
.theta. of 5.degree. to 90.degree., wherein .theta. is an angle (right or acute angle)
between a center axis of said aperture and a line AO, wherein A is a point at which
the center axis of said aperture intersects the inner surface of said hollow cylindrical
This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the

P . . U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.
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die member, and O is a center point of said solid cylindrical core.

Filed:
May 13, 2004

Issued:
Dec 15, 2009

Expires:
May 2024

7,632,360 Assignee:

Nissan Motor Co.,
Ltd.

(Yokohama,
JAPAN)

Abstract

A rare earth magnet powder has a chemical composition which includes R: 5 to 20%
(wherein, R represents one or two or more rare earth elements being inclusive of Y
but exclusive of Dy and Tb), one or two of Dy and Th: 0.01 to 10%, and B: 3 to 20%,
with the balance comprising Fe and inevitable impurities; and an average particle
diameter of 10 to 1,000 .mu.m, wherein 70% or more of the entire surface of the rare
earth magnet powder is covered with a layer being rich in the content of one or two
of Dy and Tb and having a thickness of 0.05 to 50 .mu.m.

The invention claimed is:

1. A rare earth magnet powder comprising [composition of matter] : a chemical
composition comprising R: 5 to 20 atom % (wherein R represents one, or two or
more rare earth elements being inclusive of Y but exclusive of Dy and Th), one or
both of Dy and Th: 0.01 to 10 atom %, and B: 3 to 20 atom %, with the balance
comprising Fe and inevitable impurities, an average particle diameter being 10 to
1,000 .mu.m, wherein 70% or more of the entire surface of the rare earth magnet
powder is covered with a Dy--Tb rich layer being rich in content of the one or both of
Dy and Tb and having a thickness of 0.05 to 50 .mu.m, and a concentration of the
one or both of Dy and Tb in the Dy--Tb rich layer is such that the maximum detected
intensity of the one or both of Dy and Th, as measured by wavelength dispersive X-
ray spectroscopy, is 1.2 to 5 times the average detected intensity in the central portion
being present in the range of 1/3 of the particle diameter of a particle of the rare earth
magnet powder.

Filed:
June 24, 2004

Issued:
November 17,
2009

7,618,497 Assignee:
TDK Corporation

(Tokyo, JAPAN)

R-T-B based rare earth permanent magnet and method for production thereof

Abstract

An R-T-B system rare earth permanent magnet, which comprises [composition of
matter] main phase grains consisting of R.sub.2T.sub.14B compounds and a grain
boundary phase having a higher amount of R than the above described main phase
grains, and which satisfies AVE(X)/Y=0.8 to 1.0; and (X/Y)max/(X/Y)min=2.0 to
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Expires:
June 2024

13.0, wherein X represents (weight ratio of heavy rare earth elements)/(the weight
ratio of all rare earth elements) for a given number of the above described main phase
grains Y represents (weight ratio of heavy rare earth elements)/(weight ratio of all
rare earth elements) for the sintered body as a whole; AVE(X) represents the mean
value of X obtained for the given number of main phase grains; (X/Y)min represents
the minimum value of (X/Y) obtained for the given number of main phase grains;
and (X/Y)max represents the maximum value of (X/Y) obtained for the given
number of main phase grains.

Filed:
Dec 21, 2004

Issued:
October 27,
2009

Expires:
Dec 2024

7,608,153 Assignee:

Nissan Motor Co.,
Ltd.

(Yokohama,
JAPAN)

Rare earth magnet and method therefor

Abstract

A rare earth magnet includes rare earth magnet particles; and amorphous and/or
crystalline terbium oxide present at the boundary of the rare earth magnet particles
and represented by the formula: TbO.sub.n, wherein 1.5<n.ltoreq.2. The rare earth
magnet prevents decrease eddy current effectively.

What is claimed is:

1. A rare earth magnet, comprising [composition of matter] : rare earth magnet
particles; and amorphous and/or crystalline terbium oxide present at a boundary of
the rare earth magnet particles and represented by the formula: ThO.sub.n, wherein
1.5 <n.ltoreq.2; wherein said rare earth magnet particles are connected by said
terbium oxide, and wherein individual rare earth magnet particles comprise a cluster
of fine crystal grains; wherein the terbium oxide is contained in an amount of 1 to 10
wt % based on a weight of the rare earth magnet.

7. A method for producing [process/method] a rare earth magnet, comprising: a
coating process of covering whole of or a part of a surface of rare earth magnet
powder with terbium alkoxide by applying a liquid including the terbium alkoxide to
the surface of the rare earth magnet powder under a dry atmosphere; a hydrolysis
process of hydrolyzing the terbium alkoxide at the surface of the rare earth magnet
powder to obtain a first intermediate magnetic powder; a heating process of heat-
treating the first intermediate magnetic powder under a vacuum atmosphere or an
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inert gas atmosphere to obtain a second intermediate magnetic powder; a filling
process of filling the second intermediate magnetic powder into a mold; and a
molding process of molding the second intermediate magnetic powder filled in the
mold to produce a rare earth magnet comprising rare earth magnet particles and
amorphous and/or crystalline terbium oxide present at a boundary of the rare earth
magnet particles represented by the formula: ThO.sub.n, wherein 1.5 <n.ltoreq.2;
wherein said rare earth magnet particles are connected by said terbium oxide, and at
least one rare earth magnetic particle comprises a cluster of fine crystal grains;
wherein the terbium oxide is contained in an amount of 1 to 10 wt % based on a
weight of the rare earth magnet.

Filed:
April 7, 2005

Issued:
September 29,
2009

Expires:
April 2025

7,594,972 Assignee:

Showda Denko
K.K

(Tokyo, JAPAN)

Alloy lump for R-T-B type sintered magnet, producing method thereof, and magnet

Abstract

The present invention is an alloy lump for R-T-B type sintered magnets, including an
R.sub.2T.sub.14B columnar crystal and an R-rich phase (in which R is at least one
rare earth element including Y, T is Fe or Fe with at least one transition metal
element except for Fe, and B is boron or boron with carbon), in which in the as-cast
state, R-rich phases nearly in the line-like or rod-like shape (the width direction of
the line or rod is a short axis direction) are dispersed in the cross section, and the area
percentage of the region where R.sub.2T.sub.14B columnar crystal grains have a
length of 500 .mu.m or more in the long axis direction and a length of 50 .mu.m or
more in the short axis direction is 10% or more of the entire alloy. The invention
claimed is:

1. A cast alloy lump for R-T-B type sintered magnets, comprising [composition of
matter] an R.sub.2T.sub.14B columnar crystal and an R-rich phase, wherein R is at
least one rare earth element including Y, T is Fe or Fe with at least one transition
metal element except for Fe, and B is boron or boron with carbon, wherein in the as-
cast state, R-rich phases having a line or rod shape, with the width direction of the
line or rod being a short axis direction, are dispersed in a cross section, and an area
percentage of the region where R.sub.2T.sub.14B columnar crystal grains have a
length of 500 .mu.m or more in a long axis direction and a length of 50 .mu.m or
more in the short axis direction is 10% or more of the entire alloy, and wherein the
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aspect ratio of the R-rich phase is 10 or more.

11. A method for producing [process/method] the cast alloy lump for R-T-B type
sintered magnets set forth in claim 1, comprising: producing the alloy lump for R-T-
B type sintered magnets by a centrifugal casting method of pouring a molten alloy on
a rotary body, sprinkling the molten alloy by the rotation of the rotary body, and
depositing and solidifying the molten alloy sprinkled on the inner surface of a
cylindrical mold, and wherein the casting rate is increased at the initiation of casting
and thereafter decreased.

Filed:
April 27, 2005

Issued:
Sept 8, 2009

Expires:
Ap 2025

7,585,378 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Methods for producing raw material alloy for rare earth magnet, powder and sintered
magnet

Abstract

A method of making a material alloy for an R-T-Q based rare-earth magnet according
to the present invention includes the steps of: preparing a melt of an R-T-Q based
rare-earth alloy, where R is rare-earth elements, T is a transition metal element, Q is
at least one element selected from the group consisting of B, C, N, Al, Siand P, and
the rare-earth elements R include at least one element R.sub.L selected from the
group consisting of Nd, Pr, Y, La, Ce, Pr, Sm, Eu, Gd, Er, Tm, Yb and Lu and at
least one element R.sub.H selected from the group consisting of Dy, Th and Ho;
cooling the melt of the alloy to a temperature of 700.degree. C. to 1,000.degree. C. as
first cooling process, thereby making a solidified alloy; maintaining the solidified
alloy at a temperature within the range of 700.degree. C. to 900.degree. C. for 15
seconds to 600 seconds; and cooling the solidified alloy to a temperature of
400.degree. C. or less as a second cooling process.

The invention claimed is:

1. A method of making a material alloy [process/method] for an R-T-Q based rare-
earth magnet, the method comprising the steps of: (a) preparing a melt of an R-T-Q
based rare-earth alloy, where R is rare-earth elements, T is a transition metal element,
Q is at least one element selected from the group consisting of B, C, N, Al, Si and P,
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and the rare-earth elements R include at least one element R.sub.L selected from the
group consisting of Nd, Pr, Y, La, Ce, Pr, Sm, Eu, Gd, Er, Tm, Yb and Lu and at
least one element R.sub.H selected from the group consisting of Dy, Th and Ho; (b)
cooling the melt of the alloy to a temperature of 700.degree. C. to 1,000.degree. C. as
first cooling process, thereby making a solidified alloy; (c) maintaining the solidified
alloy at a temperature within the range of 700.degree. C. to 900.degree. C. for 15
seconds to 600 seconds; and (d) cooling the solidified alloy of step (c) to a
temperature of 400.degree. C. or less as a second cooling process.

12. A method of making a material alloy powder [process/method] for an R-T-Q
based rare-earth magnet, the method comprising the steps of: decrepitating the R-T-Q
based rare-earth magnet material alloy, which has been made by the method of claim
1, by a hydrogen decrepitation process; and pulverizing the R-T-Q based rare-earth
magnet material alloy that has been decrepitated.

Filed:
July 12, 2007

Issued:
Aug 11, 2009

Expires:
July 2027

7,571,757 Assignee:
Showa Denko K.K.

(Tokyo, JAPAN)

Alloy flake for rare earth magnet, production method thereof, alloy powder for rare
earth sintered magnet, rare earth sintered magnet, alloy powder for bonded magnet
and bonded magnet

Abstract

Disclosed is a rare earth magnet in the R--T--B (rare earth element-transition metal-
boron) system that is made from an improved composition and properties of main
phase alloy in the R--T--B system containing Pr and a boundary alloy. Disclosed also
is a manufacturing method of the rare earth magnet alloy flake by a strip casting
method with improved rotating rollers such that the alloy flake has a specified fine
surface roughness and has a small and regulated amount of fine R-rich phase regions.
Consequently, the alloy flake for the rare earth magnet does not containing .alpha.-Fe
and has a homogeneous morphology so that the rare earth magnet formed by
sintering or bonding the alloy flakes exhibits excellent magnetic properties.

What is claimed is:

1. A method for producing a rare-earth-containing alloy flake [process/method]
including a strip casting method, comprising pouring molten metal onto a rotating
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roller for casting to solidify the metal, the roller having, on the cast surface, a
plurality of elongated raised/dented segments and having a surface roughness
provided by a plurality of elongated raised/dented segments, as represented by 10-
point average roughness (Rz), falling within a range of 3 .mu.m to 60 .mu.m, wherein
30% or more of raised/dented segments among entire elongated raised/dented
segments extend in a direction forming an angle of 45.degree. or more to a roller
rotation direction, and removing the metal from the rotating roller to obtain the alloy
flake. ...

4. A method for producing a rare-earth-containing alloy flake according to claim 1,
wherein the rare-earth-containing alloy flake comprises [composition of matter] an
R--T--B alloy (R represents at least one rare earth element including Y; T represents
transition metals including Fe as an essential element; and B represents boron) which
serves as a raw material for producing a rare earth magnet in the production of the
rare-earth-containing alloy flake by the strip casting method.

Filed:
Jan 12, 2007

Issued:
Aug 4, 2009

Expires:
Jan 2027

7,569,114 Assignee:
Hitachi, Ltd.

(Tokyo, JAPAN)

Rare-earth magnet and manufacturing method thereof and magnet motor

Abstract

The object of the present invention is to provide a rare earth magnet which enables to
achieve a good balance between high coercive force and high residual magnetic flux
density, and its manufacturing method. The present invention provides a rare earth
magnet in which a layered grain boundary phase is formed on a surface or a portion
of a grain boundary of Nd.sub.2Fe.sub.14B which is a main phase of an R--Fe--B (R
is a rare-earth element) based magnet, and wherein the grain boundary phase contains
a fluoride compound, and wherein a thickness of the fluoride compound is 10 .mu.m
or less, or a thickness of the fluoride compound is from 0.1 .mu.m to 10 .mu.m, and
wherein the coverage of the fluoride compound over a main phase particle is 50% or
more on average. Moreover, after layering fluoride compound powder, which is
formed in plate-like shape, in the grain boundary phase, the rare earth magnet is
manufactured by quenching the layered compound after melting it at a vacuum
atmosphere at a predetermined temperature, or by heating and pressing the main
phase and the fluoride compound to make the fluoride compound into a layered
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fluoride compound along the grain boundary phase.
What is claimed is:

1. A magnet comprising [composition of matter] : NdFeB based magnetic
powder; and a fluoride film formed on a portion or whole of a surface of said
magnetic powder, wherein said fluoride film is mainly composed of at least one
compound selected from the group consisting of TbF.sub.3 and DyF.sub.3, wherein
said magnetic powder has an average particle size of 1 to 100 .mu.m, wherein a rare
earth rich phase is formed on a surface of the magnetic powder, and said fluoride film
is formed on an outer side of said rare earth rich phase, and wherein said fluoride film
has a thickness of 1 to 100 nm on average.

9. A magnet motor, including a rotor which has a magnet, wherein the magnet
comprises: NdFeB based magnetic powder; and a fluoride film formed on a portion
or whole of a surface of said magnetic powder, wherein said fluoride film is mainly
composed of at least one compound selected from the group consisting of ThF.sub.3
and DyF.sub.3, wherein said magnetic powder has an average particle size of 1 to
100 .mu.m, and said fluoride film has a thickness of 1 to 100 .mu.m on average.

Filed:
July 20, 2006

Issued:
July 14, 2009

Expires:
July 2026

7,559,996 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare earth permanent magnet, making method, and permanent magnet rotary
machine

Abstract

A rare earth permanent magnet is prepared from a sintered magnet body of a R.sup.1-
-Fe--B composition wherein R.sup.1 is a rare earth element inclusive of Y and Sc, by
forming a plurality of slits in a surface of the magnet body, disposing a powder on
the magnet body surface, the powder comprising an oxide of R.sup.2, a fluoride of
R.sup.3, or an oxyfluoride of R.sup.4 wherein each of R.sup.2, R.sup.3, and R.sup.4
is a rare earth element, and heat treating the magnet body and the powder below the
sintering temperature in vacuum or in an inert gas.  The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet from a
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sintered magnet body of a R.sup.1--Fe--B composition wherein R.sup.1 is at least one
element selected from among rare earth elements inclusive of Y and Sc, the method
comprising the steps of: forming a plurality of slits in at least one surface of the
magnet body, disposing a powder on the magnet body surface, the powder
comprising at least one compound selected from among an oxide of R.sup.2, a
fluoride of R.sup.3, and an oxyfluoride of R.sup.4 wherein each of R.sup.2, R.sup.3,
and R.sup.4 is at least one element selected from among rare earth elements inclusive
of Y and Sc, and heat treating the magnet body and the powder at a temperature equal
to or below the sintering temperature of the magnet body in vacuum or in an inert
gas, wherein the formation of the slits facilitates absorption of at least one of R.sup.2,
R.sup.3 and R.sup.4 in the magnet body from the powder comprising at least one of
the oxide of R.sup.2, fluoride of R.sup.3, and oxyfluoride of R.sup.4 present on the
magnet surface, thereby increasing a coercive force.

Filed:
July 19, 2005

Issued:
June 30, 2009

Expires:
July 2025

7,553,561 Assignee:
TDK Corporation

(Tokyo, JAPAN)

Rare earth magnet

Abstract

A rare earth magnet having excellent corrosion resistance is provided. It has a magnet
body (10) containing a rare earth element, and a protective film (20) formed on the
magnet body (10). In the protective film (20), a first protective film (21), a second
protective film (22) and a third protective film (23) are laminated in this order from
the side of the magnet body (10). These are in a polycrystalline state and composed
of a metal plated film, for example. The first protective film (21) and the third
protective film (23) have a smaller mean crystal grain size than that of the second
protective film (22). Microcrystallization of the first protective film (21) can improve
the density of the interface between the protective film (20) and the magnet body
(10), and decrease the number of pinholes.

The invention claimed is:

1. A rare earth magnet that has a magnet body containing [composition of matter]
a rare earth element and a protective film disposed on the magnet body, the protective
film consisting of a three-layer structure comprising: a first protective film that is in a
microcrystalline state; a second protective film that is in a columnar crystal state and
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has a larger mean crystal size than that of the first protective film; and a third
protective film that is in a microcrystalline state and has a smaller mean crystal grain
size than that of the second protective film; wherein: the first protective film, the
second protective film and the third protective film are disposed sequentially from
the side of the magnet body; the first protective film as an undermost layer covers a
surface of the magnet body and is covered by the second protective film; the second
protective film as an intermediate layer covers a surface of the first protective film
and is covered by the third protective film; the third protective film as an uppermost
layer covers a surface of the second protective film and is exposed; the first
protective film and the third protective film have a mean crystal grain size of 0.5
.mu.m or less; and the second protective film has a mean crystal grain size of 2
.mu.m or more in the major axis direction and has a mean crystal grain size of 1
.mu.m or less in the minor axis direction.

Filed:
December 18,
2002

Issued:
June 23, 2009

Expires:
Dec 2022

7,550,047 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Rare earth element-iron-boron alloy and magnetically anisotropic permanent magnet
powder and method for production thereof

Abstract

A method of making a magnetically anisotropic magnet powder according to the
present invention includes the steps of preparing a master alloy by cooling a rare-
earth-iron-boron based molten alloy and subjecting the master alloy to an HDDR
process. The step of preparing the master alloy includes the step of forming a
solidified alloy layer, including a plurality of R.sub.2Fe.sub.14B-type crystals (where
R is at least one element selected from the group consisting of the rare-earth elements
and yttrium) in which rare-earth-rich phases are dispersed, by cooling the molten
alloy through contact with a cooling member.

The invention claimed is:

1. A method of making [process/method] a magnetically anisotropic magnet
powder, the method comprising the steps of: preparing a master alloy by cooling a
rare-earth-iron-boron based molten alloy; and subjecting the master alloy to an
HDDR process, wherein the step of preparing the master alloy includes the step of
forming a solidified alloy layer, including a plurality of R.sub.2Fe.sub.14B-type
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crystals (where R is at least one element selected from the group consisting of the
rare-earth elements and yttrium) in which rare-earth-rich phases are dispersed, by
cooling the molten alloy through contact with a cooling member, wherein the step of
forming the solidified alloy layer includes forming a first texture layer in contact with
the cooling member by feeding the molten alloy onto the cooling member and then
feeding the molten alloy onto the first texture layer to grow the R.sub.2Fe.sub.14B-
type crystals on the first texture layer, thereby forming a second texture layer thereon,
wherein the first texture layer consists essentially of R.sub.2Fe.sub.14B-type crystals
with an average minor-axis size of less than 20 .mu.m, and wherein a cooling rate for
forming the second texture layer is adjusted to be lower than that for the first texture
layer by feeding the molten alloy more slowly when forming the second texture layer
than when forming the first texture layer....

13. A method for producing an anisotropic bonded magnet, the method comprising
the steps of: preparing a magnetically anisotropic magnet powder by the method of
claim 1, and mixing the magnetically anisotropic magnet powder with a binder and
compacting the mixture under an aligning magnetic field.

Filed: Nov
28, 2005

Issued:
June 16, 2009

Expires:
Nov 2025

7,547,365 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Process for producing, through strip casting, raw alloy for nanocomposite type
permanent magnet

Abstract

To make a raw alloy, consisting mostly of amorphous structure, highly productively
and at a reduced cost for a nanocomposite magnet, a molten alloy represented by
Fe.sub.100-x-y-zR.sub.xQ.sub.yM.sub.z (where R is at least one element selected
from Pr, Nd, Dy and Tb; Q is B and/or C; M is at least one element selected from Co,
Al, Si, Ti, V, Cr, Mn, Ni, Cu, Ga, Zr, Nb, Mo, Ag, Pt, Au and Pb; and 1 at
%.ltoreq.x<6 at %, 15 at %.ltoreq.y.ltoreq.30 at % and 0 at %.ltoreq.z.ltoreq.7 at %)
is prepared. This molten alloy is rapidly cooled by a strip casting process in which
the alloy is fed onto a chill roller, rotating at a peripheral velocity of 3 m/s to less
than 20 m/s, at a feeding rate per unit contact width of 0.2 kg/min/cm to 5.2
kg/min/cm. In this manner, an alloy including at least 60 volume percent of
amorphous phase can be obtained.
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The invention claimed is:

1. A method of making [process/method] a raw alloy for a magnet, the method
comprising the steps of: measuring a coercivity of a solidified alloy prior to
annealing the solidified alloy, the solidified alloy being obtained by rapidly cooling a
melt of a magnetic alloy; estimating a percentage of an amorphous phase of the
solidified alloy based on the coercivity measured; and heating and crystallizing the
solidified alloy that has been prepared under such a condition that the estimated
percentage of the amorphous phase becomes at least equal to a predetermined
percentage.

Filed: Aug
10, 2004

Issued:
May 19, 2009

Expires:
Aug 2024

7,534,311 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

R-t-b sintered magnet and rare earth alloy

Abstract

A rare-earth sintered magnet according to the present invention, of which the main
phase is an R.sub.2T.sub.14B type compound phase, includes: 27 mass % through 32
mass % of R, which is at least one rare-earth element that is selected from the group
consisting of Nd, Pr, Th, and Dy and that always includes at least one of Nd and Pr;
60 mass % through 73 mass % of T, which is either Fe alone or a mixture of Fe and
Co; 0.85 mass % through 0.98 mass % of Q, which is either B alone or a mixture of
B and C and which is converted-into B on a number of atoms basis when its mass
percentage is calculated; more than 0 mass % through 0.3 mass % of Zr; at most 2.0
mass % of an additive element M, which is at least one element selected from the
group consisting of Al, Cu, Ga, In and Sn; and inevitably contained impurities. The
invention claimed is:

1. A rare-earth sintered magnet, a main phase of which includes [composition of
matter] an R.sub.2T.sub.14B type compound phase, the magnet comprising: 27
mass % through 32 mass % of R, which is at least one rare-earth element that is
selected from the group consisting of Nd, Pr, Tb, and Dy and that always includes at
least one of Nd and Pr; 60 mass % through 73 mass % of T, which is either Fe alone
or a mixture of Fe and Co; 0.85 mass % through 0.98 mass % of Q, which is either B
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alone or a mixture of B and C and which is converted into B on a number of atoms
basis when its mass percentage is calculated; more than 0 mass % through 0.3 mass
% of Zr; at most 2.0 mass % of an additive element M, which is at least one element
selected from the group consisting of Al, Cu, Ga, In and Sn; and inevitably contained
impurities; wherein the additive element includes Ga, which accounts for 0.01 mass
% through 0.08 mass % of the magnet.

6. A material alloy for a rare-earth sintered magnet, a main phase of which includes
[composition of matter] an R.sub.2T.sub.14B type compound phase, the alloy
comprising: 27 mass % through 32 mass % of R, which is at least one rare-earth
element that is selected from the group consisting of Nd, Pr, Th, and Dy and that
always includes at least one of Nd and Pr; 60 mass % through 73 mass % of T, which
is either Fe alone or a mixture of Fe and Co; 0.85 mass % through 0.98 mass % of Q,
which is either B alone or a mixture of B and C; more than 0 mass % through 0.3
mass % of Zr; at most 2.0 mass % of an additive element M, which is at least one
element selected from the group consisting of Al, Cu, Ga, In and Sn; and inevitably
contained impureties; wherein the additive element includes Ga, which accounts for
0.01 mass % through 0.08 mass % of the magnet.

Filed:
September 19,
2003

Issued:
May 12, 2009

Expires:
Sept 2023

7,531,050 Assignee:

Nec Tokin
Corporation

(Sendai-Shi,
JAPAN)

Method for manufacturing bonded magnet and method for manufacturing magnetic
device having bonded magnet

Abstract

A viscous material (4) is obtained by mixing an alloy magnetic powder, magnetized
in advance, with a resin. The viscous material (4) thus obtained is applied to an upper
surface of a center magnetic leg of an E-shaped core (2). A coil (3) and an I-shaped
core are coupled to the E-shaped core (2). An orientation magnetic field is applied by
a permanent magnet (5) while the resin is hardened. As a consequence, a bond
magnet is obtained which is formed in tight contact with both of a pair of surfaces
defining a magnetic gap between the E-shaped core (2) and the I-shaped core.

The invention claimed is:

1. A method of manufacturing a bond magnet [process/method] , wherein: an alloy
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magnetic powder magnetized in advance by applying a magnetic field ranging from 5
T to 10 T is mixed with a resin at a weight ratio within a range from 70:30 to 97:3 to
obtain a viscous material with 10 poises or more, the viscous material is located at a
predetermined position of a magnetic device in contact therewith, and a magnetic
field ranging from 30 mT to 500 mT is applied to the viscous material to
magnetically orient the alloy magnetic powder included in the viscous material while
the resin is hardened.

4. The method of manufacturing a bond magnet according to claim 1, wherein as the
alloy magnetic powder, a rare earth magnetic powder having a coercive force not
smaller than 5 kOe, a Curie temperature not lower than 300.degree. C., and an
average particle size of 2.0 to 50 .mu.m is used.

Filed: 7,520,941 Assignee:

Jan 27, 2006
Shin-Etsu Chemical

Issued: Co., Ltd.

April 21, 2009
(Tokyo, JAPAN)

Expires:
Jan 2025

Functionally graded rare earth permanent magnet

Abstract

A functionally graded rare earth permanent magnet is in the form of a sintered
magnet body having a composition
R.sup.1.sub.aR.sup.2.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g wherein the
concentration of R.sup.2/(R.sup.1+R.sup.2) contained in grain boundaries
surrounding primary phase grains of (R.sup.1,R.sup.2).sub.2T.sub.14A tetragonal
system within the sintered magnet body is on the average higher than the
concentration of R.sup.2/(R.sup.1+R.sup.2) contained in the primary phase grains,
R.sup.2 is distributed such that its concentration increases on the average from the
center toward the surface of the magnet body, the oxyfluoride of (R.sup.1,R.sup.2) is
present at grain boundaries in a grain boundary region that extends from the magnet
body surface to a depth of at least 20 .mu.m, and the magnet body includes a surface
layer having a higher coercive force than in the interior. The invention provides
permanent magnets having improved heat resistance.

The invention claimed is:

1. A functionally graded rare earth permanent magnet in the form of a sintered
magnet body having an alloy composition
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R.sup.1l.sub.aR.sup.2.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g [composition of
matter] wherein R.sup.1 is at least one element selected from rare earth elements
inclusive of Sc and Y and exclusive of Tb and Dy, R.sup.2 is one or both of Tb and
Dy, T is one or both of iron and cobalt, A is one or both of boron and carbon, F is
fluorine, O is oxygen, and M is at least one element selected from the group
consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag,
Cd, Sn, Sh, Hf, Ta, and W, a through g indicative of atom percents of the
corresponding elements in the alloy have values in the range: 10.ltoreq.a+b.ltoreq.15,
3.ltoreq.d.ltoreq.15, 0.01.1toreq.e.ltoreq.4, 0.04.Itoreq.f.ltoreq.4,
0.01.1toreq.g.ltoreq.11, the balance being c, said magnet body having a center and a
surface, wherein grain boundaries surround primary phase grains of
(R.sup.1,R.sup.2).sub.2T.sub.14A tetragonal system within the sintered magnet body,
the concentration of R.sup.2/(R.sup.1+R.sup.2) contained in the grain boundaries is
on the average higher than the concentration of R.sup.2/(R.sup.1+R.sup.2) contained
in the primary phase grains, R.sup.2 is distributed such that its concentration
increases on the average from the center toward the surface of the magnet body, an
oxyfluoride of (R.sup.1,R.sup.2) is present at grain boundaries in a grain boundary
region that extends from the magnet body surface to a depth of at least 20 .mu.m, and
the magnet body includes a surface layer having a higher coercive force than in the
magnet body interior.

Filed: July 19,
2002

Issued:
March 24,
2009

Expires:
July 2022

7,507,302 Assignee:
Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Method for producing nanocomposite magnet using atomizing method

Abstract

A rare-earth alloy powder is obtained by rapidly cooling a melt of an alloy by an
atomization process. The alloy has a composition represented by (Fe.sub.1-
mT.sub.m).sub.100-x-y-zQ.sub.xR.sub.yTi.sub.zM.sub.n, where T is at least one of
Co and Ni, Q is at least one of B and C, R is at least one of the rare-earth metal
elements and yttrium, and M is at least one of Nb, Zr, Mo, Ta and Hf. The mole
fractions x, y, z, m and n satisfy 10 at %<x.ltoreq.25 at %, 6 at %.ltoreq.y<10 at %,
0.1 at %.ltoreq.z.ltoreq.12 at %, 0.ltoreq.m.ltoreq.0.5, and 0 at %.ltoreq.n.ltoreq.10 at
%, respectively. By adding Ti to the alloy, the nucleation and growth of .alpha.-Fe
during the rapid quenching process can be minimized.
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The invention claimed is:

1. A nanocomposite magnet powder of an iron-based rare-earth alloy having a
composition [composition of matter], represented by the general formula:
(Fe.sub.1-mT.sub.m).sub.100-x-y-z-nQ.sub.xR.sub.yTi.sub.zM.sub.n (where T is at
least one element selected from the group consisting of Co and Ni; Q is at least one
element selected from the group consisting of B and C; R is at least one element
selected from the group consisting of the rare-earth metal elements and yttrium; and
M is at least one element selected from the group consisting of Nb, Zr, Mo, Ta and
Hf), the mole fractions X, y, z, m and n satisfying the inequalities of: 10 at
%<x.ltoreq.25 at %; 6 at %.ltoreq.y<10 at %; 0.1 at %.ltoreq.z.Itoreq.12 at %;
0.ltoreq.m.ltoreq.0.5; and 0 at %.ltoreq.n.ltoreq.10 at %, respectively, wherein the
nanocomposite magnet powder is obtained by an atomization process and includes
at least two types of ferromagnetic crystalline phases, in which an R.sub.2Fe.sub.14B
type compound phase serving as a hard magnetic phase has an average grain size of
10 nm to 200 nm and a soft magnetic phase has an average grain size of 1 nm to 50
nm; a ferromagnetic iron-based boride phase and an .alpha.-Fe phase serving as the
soft magnetic phase are present on a grain boundary or sub-boundary of the
R.sub.2Fe.sub.14B type compound phase; and the average crystal grain size of the
ferromagnetic iron-based boride phase and .alpha.-Fe is smaller than that of the
R.sub.2Fe.sub.14B type compound phase.

7. A method of making [process/method] an iron-based rare-earth alloy
nanocomposite magnet powder, the method comprising the steps of: obtaining a rare-
earth alloy magnet powder by rapidly cooling a melt of an alloy by an atomization
process, the alloy having a composition represented by the general formula:
(Fe.sub.1-mT.sub.m).sub.100-x-y-z-nQ.sub.xR.sub.yTi.sub.zM.sub.n (where T is at
least one element selected from the group consisting of Co and Ni; Q is at least one
element selected from the group consisting of B and C; R is at least one element
selected from the group consisting of the rare-earth metal elements and yttrium; and
M is at least one element selected from the group consisting of Nb, Zr, Mo, Ta and
Hf), the mole fractions X, y, z, m and n satisfying the inequalities of: 10 at
%<x.ltoreq.25 at %; 6 at %.ltoreq.y<10 at %; 0.1 at %.ltoreq.z.ltoreq.12 at %;
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0.ltoreg.m.ltoreq.0.5, and 0 at %.ltoreq.n.ltoreq.10 at %, respectively; and thermally
treating the magnet powder, thereby forming a structure that includes at least two
types of ferromagnetic crystalline phases, in which an R.sub.2Fe.sub.14B type
compound phase serving as a hard magnetic phase has an average grain size of 10 nm
to 200 nm and a soft magnetic phase has an average grain size of 1 nm to 50 nm;
wherein a ferromagnetic iron-based boride phase and an .alpha.-Fe phase serving as
the soft magnetic phase are present on a grain boundary or sub-boundary of the
R.sub.2Fe.sub.14B type compound phase; and the average crystal grain size of the
ferromagnetic iron-based boride phase and .alpha.-Fe is smaller than that of the
R.sub.2Fe.sub.14B type compound phase.

Filed: 7,494,600 Assignee: Composition for producing soft magnetic composites by powder metallurgy
December 20,
2004 Abstract
Hoganas AB The invention concerns powder compositions consisting of electrically insulated
Issued: particles of a soft magnetic material of an iron or iron-based powder and 0.1-2% by
February 24, (Hoganas, Sweden) | weight of a Iubrican_t selected from the group consisting of fatty acid amides ha_ving
2009 14-22 C atoms. Optionally a thermoplastic binder such as polyphenylene sulphide
may be included in the composition. The invention also concerns a method for the
Expires: preparation of soft magnetic composite components.
Dec 2024 The invention claimed is:
1. Powder composition [composition of matter] consisting of irregularly shaped
particles of a soft magnetic material of substantially pure water-atomized iron or
sponge iron, said particles being provided with an electrically insulating layer, 0.05-
2% by weight of a lubricant selected from the group consisting of primary amides of
saturated or unsaturated straight fatty acids having 12-24 C atoms, and optionally
polyphenylene sulfide in a concentration less than 2% by weight, wherein said
powder composition is capable of producing by uniaxial compaction a soft magnetic
component.
Filed: 7,488,395 Assignee: Functionally graded rare earth permanent magnet
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Jan 27, 2006

Issued:
February 10,
2009

Expires:
Jan 2026

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Abstract

A functionally graded rare earth permanent magnet having a reduced eddy current
loss in the form of a sintered magnet body having a composition
R.sub.aE.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g is obtained by causing E and
fluorine atoms to be absorbed in a R--Fe--B sintered magnet body from its surface. F
is distributed such that its concentration increases on the average from the center
toward the surface of the magnet body, the concentration of E/(R+E) contained in
grain boundaries surrounding primary phase grains of (R,E).sub.2T.sub.14A
tetragonal system is on the average higher than the concentration of E/(R+E)
contained in the primary phase grains, the oxyfluoride of (R,E) is present at grain
boundaries in a grain boundary region that extends from the magnet body surface to a
depth of at least 20 .mu.m, particles of the oxyfluoride having an equivalent circle
diameter of at least 1 .mu.m are distributed in the grain boundary region at a
population of at least 2,000 particles/mm.sup.2, the oxyfluoride is present in an area
fraction of at least 1%. The magnet body includes a surface layer having a higher
electric resistance than in the interior. In the permanent magnet, the generation of
eddy current within a magnetic circuit is restrained.

The invention claimed is:

1. A functionally graded rare earth permanent magnet having a reduced eddy current
loss in the form of a sintered magnet body having an alloy composition [composition
of matter] of formula (1): R.sub.aE.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g (1)
wherein R is at least one element selected from rare earth elements inclusive of Sc
and Y, and E is at least one element selected from alkaline earth metal elements and
rare earth elements, R and E do not contain the same element(s), T is one or both of
iron and cobalt, A is one or both of boron and carbon, F is fluorine, O is oxygen, and
M is at least one element selected from the group consisting of Al, Cu, Zn, In, Si, P,
S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sh, Hf, Ta, and W, a
through g indicative of atom percents of the corresponding elements in the alloy have
values in the range: 10.Itoreg.a.ltoreq.15 and 0.005.lItoreq.b.ltoreq.2,
3.ltoreq.d.ltoreq.15, 0.01.ltoreq.e.ltoreq.4, 0.04.1toreq.f.ltoreq.4, 0.01
toreq.g.Itoreq.11, the balance being c, said magnet body having a center and a
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surface and being obtained by causing E and fluorine atoms to be absorbed in a R--
Fe--B sintered magnet body from its surface, wherein said sintered magnet body is
obtained by heat treating the magnet body packed with a powder containing E and
fluorine atoms to absorb and infiltrate E and fluorine atoms into the magnet body,
and wherein constituent element F is distributed such that its concentration increases
on the average from the center toward the surface of the magnet body, grain
boundaries surround primary phase grains of (R,E).sub.2T.sub.14A tetragonal system
within the sintered magnet body, the concentration of E/(R+E) contained in the grain
boundaries is on the average higher than the concentration of E/(R+E) contained in
the primary phase grains, an oxyfluoride of (R,E) is present at grain boundaries in a
grain boundary region that extends from the magnet body surface to a depth of at
least 20 .mu.m, particles of said oxyfluoride having an equivalent circle diameter of
at least 1 .mu.m are distributed in said grain boundary region at a population of at
least 2,000 particless/mm.sup.2, said oxyfluoride is present in an area fraction of at
least 1%, and said magnet body includes a surface layer having a higher electric
resistance than in the magnet body interior.

Filed:
Jan 7, 2006

Issued:
February 10,
2009

Expires:
Jan 2026

7,488,394 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare earth permanent magnet

Abstract

A rare earth permanent magnet is in the form of a sintered magnet body having a
composition R.sup.1.sub.aR.sup.2.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g
wherein F and R.sup.2 are distributed such that their concentration increases on the
average from the center toward the surface of the magnet body, and grain boundaries
having a concentration of R.sup.2/(R.sup.1+R.sup.2) which is on the average higher
than the concentration of R.sup.2/(R.sup.1+R.sup.2) contained in primary phase
grains of (R.sup.1,R.sup.2).sub.2T.sub.14A tetragonal system form a three-
dimensional network structure which is continuous from the magnet body surface to
a depth of at least 10 .mu.m. The invention provides R--Fe--B sintered magnets
which exhibit a high coercive force.

The invention claimed is:

1. A rare earth permanent magnet in the form of a sintered magnet body having an
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alloy composition R.sup.1.sub.aR.sup.2.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g
[composition of matter] wherein R.sup.1 is at least one element selected from rare
earth elements inclusive of Sc and Y and exclusive of Tb and Dy, R.sup.2 is one or
both of Tb and Dy, T is one or both of iron and cobalt, A is one or both of boron and
carbon, F is fluorine, O is oxygen, and M is at least one element selected from the
group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo,
Pd, Ag, Cd, Sn, Sb, Hf, Ta, and W, a through g indicative of atom percents of the
corresponding elements in the alloy have values in the range: 10.ltoreq.a+b.ltoreq.15,
3.ltoreq.d.ltoreq.15, 0.01.1toreq.e.ltoreq.4, 0.04.Itoreq.f.ltoreq.4,
0.01.1toreq.g.ltoreq.11, the balance being c, said magnet body having a center and a
surface, wherein constituent elements F and R.sup.2 are distributed such that their
concentration increases on the average from the center toward the surface of the
magnet body, and grain boundaries having a concentration of
R.sup.2/(R.sup.1+R.sup.2) which is on the average higher than the concentration of
R.sup.2/(R.sup.1+R.sup.2) contained in primary phase grains of
(R.sup.1,R.sup.2).sub.2T.sub.14A tetragonal system form a three-dimensional
network structure which is continuous from the magnet body surface to a depth of at
least 10 .mu.m.

Filed: 7,488,393 Assignee: Rare earth permanent magnet

Jan 27, 2006

Shin-Etsu Chemical | Abstract

lssued: Co., Ltd. A rare earth permanent magnet is in the form of a sintered magnet body having a
February 10, composition R.sup.1.sub.aR.sup.2.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g
2009 (Tokyo, JAPAN) wherein F and R.sup.2 are distributed such that their concentration increases on the

average from the center toward the surface of the magnet body, the concentration of
R.sup.2/(R.sup.1+R.sup.2) contained in grain boundaries surrounding primary phase
grains of (R.sup.1,R.sup.2).sub.2T.sub.14A tetragonal system within the sintered
magnet body is on the average higher than the concentration of
R.sup.2/(R.sup.1+R.sup.2) contained in the primary phase grains, and the oxyfluoride
of (R.sup.1,R.sup.2) is present at grain boundaries in a grain boundary region that
extends from the magnet body surface to a depth of at least 20 .mu.m. The invention
provides R--Fe--B sintered magnets which exhibit high magnet performance despite
minimal amounts of Th and Dy used.

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the

P . . U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.
( CM I Critical Materials Institute P 8 &Y Y &Y &

Expires:
Jan 2026
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The invention claimed is:

1. A rare earth permanent magnet in the form of a sintered magnet body having an
alloy composition R.sup.1.sub.aR.sup.2.sub.bT.sub.cA.sub.dF.sub.eO.sub.fM.sub.g
[composition of matter] wherein R.sup.1 is at least one element selected from rare
earth elements inclusive of Sc and Y and exclusive of Tb and Dy, R.sup.2 one or
both of Tb and Dy, T is one or both of iron and cobalt, A is one or both of boron and
carbon, F is fluorine, O is oxygen, and M is at least one element selected from the
group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo,
Pd, Ag, Cd, Sn, Sbh, Hf, Ta, and W, a through g indicative of atom percents of the
corresponding elements in the alloy have values in the range: 10.ltoreg.a+b.ltoreq.15,
3.ltoreq.d.ltoreq.15, 0.01.1toreq.e.ltoreq.4,0.04.1toreq.f.Itoreq.4, 0.01
Itoreq.g.ltoreq.11, the balance being c, said magnet body having a center and a
surface, wherein constituent elements F and R.sup.2 are distributed such that their
concentration increases on the average from the center toward the surface of the
magnet body, grain boundaries surround primary phase grains of
(R.sup.1,R.sup.2).sub.2T.sub.14A tetragonal system within the sintered magnet body,
the concentration of R.sup.2/(R.sup.1+R.sup.2) contained in the grain boundaries is
on the average higher than the concentration of R.sup.2/(R.sup.1+R.sup.2) contained
in the primary phase grains, and an oxyfluoride of (R.sup.1,R.sup.2) is present at
grain boundaries in a grain boundary region that extends from the magnet body
surface to a depth of at least 20 .mu.m.

Filed:
June 20, 2005

Issued:
February 3,
2009

Expires:

7,485,193 Assignee:

Shin-Etsu Chemical
Co., Ltd

(Tokyo, JAPAN)

R-FE-B based rare earth permanent magnet material
Abstract

A R--Fe--B base rare earth permanent magnet material consists of, in percents by
weight, 25 to 45 wt % of R, 0.1 to 4.5 wt % of Co, 0.8 to 1.4 wt % of B, 0.05 to 3.0
wt % of Al, 0.02 to 0.5 wt % of Cu, 0.03 to 0.5 wt % of M, 0.01 to 0.5 wt % of C,
0.05 to 3.0 wt % of O, 0.002 to 0.1 wt % of N, 0.001 to 2.0 wt % of F, with the
balance of Fe and incidental impurities, wherein R is at least one element selected
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June 2025

from among Nd, Pr, Dy, Tb and Ho, and M is at least one element selected from
among Zr, Hf, Ti, Cr, Nb, Mo, Si, Sn, Zn, VV, W and Cr.

The invention claimed is:

1. A R--Fe--B base rare earth permanent magnet material consisting of, in percents
by weight, R 25 to 45 wt %, Co 0.1 to 4.5 wt %, B 0.8 to 1.4 wt %, Al 0.05 to 3.0 wt
%, Cu 0.02 to 0.5 wt %, M 0.03 to 0.5 wt %, C 0.01 to 0.5 wt %, O 0.05 to 3.0 wt %,
N 0.002 to 0.1 wt %, F 0.001 to 2.0 wt %, with the balance of Fe and incidental
impurities [composition of matter] , wherein R is at least one element selected from
the group consisting of Nd, Pr, Dy, Tb and Ho, and M is at least one element selected
from the group consisting of Zr, Hf, Ti, Nb, Mo, Si, Sn, Zn, V, W and Cr, said
magnet material comprising a R--O--F compound which is localized at triple points
in the magnet.

Filed:
January 20,
2004

Issued:
January 27,
2009

Expires:
Jan 2024

7,481,895 Assignee:

Daido Steel Co.,
Ltd.

(Nagoya, JAPAN)

Isotropic powdery magnet material, process for preparing and resin-bonded magnet

Abstract

Disclosed is an isotropic SmFeN powdery magnet material for producing resin-
bonded magnets. The magnet powder is prepared by melt-spinning of a molten alloy
and nitriding the alloy powder thus obtained to form a magnet alloy having an alloy
composition of one of the formulae, by atomic %: Sm.sub.xFe.sub.100-x-vN.sub.v,
Sm.sub.xFe.sub.100-x-y-vM.sup.1.sub.yN.sub.v and Sm.sub.xFe.sub.100-x-z-
VM.sup.2.sub.zN.sub.v wherein M.sup.1 is at least one member selected from the
group consisting of Hf and Zr; and M.sup.2 is at least one member selected from the
group consisting of Si, Nb, Ti, Ga, Al, Ta and C; 7.ltoreq.x.ltoreq.12,
0.1.ltoreq.y.ltoreq.1.5, 0.1.Itoreq.z.Itoreg.1.0 and 0.5.1toreq.v.Itoreq.20; the crystal
structure is ThCu.sub.7 type; and the thickness of the flakes is 10-40 .mu.m.

The invention claimed is:

1. A flaky, isotropic SmFeN powdery magnet material [composition of matter]
prepared by roll-quenching a molten alloy and nitriding the alloy powder thus
obtained to form a magnet alloy; the magnet alloy consisting of an alloy composition
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of the formula, by atomic %: Sm.sub.xCe.sub.aFe.sub.100-x-vCo.sub.bN.sub.v
wherein 7.1.Itoreq.x.ltoreq.12 and 0.5.Itoreq.v.ltoreq.20, a TbCu.sub.7 crystal
structure, and flakes with a thickness is 10-40 .mu.m. wherein a=0.3 at. % of the
alloy composition up to 30 at. % of Sm, and b=2.0 at. % of the alloy composition up
to 35 at. % of Fe, and wherein the magnet alloy has an intrinsic coercive force (iHc)
of 7 kOe higher.

Filed: March
26, 2004

Issued:
January 20,
2009

Expires;
March 2024

7,479,252 Assignee:

Mitsubishi
Materials Corp

(Tokyo, JAPAN)

Method for manufacturing throwaway tip and apparatus for aligning green compact

Abstract

A method for manufacturing a throwaway tip is presented in which a green compact
Q obtained by press-forming raw material powder for the throwaway tip is placed
and sintered on a sintering plate. The green compact Q is press-formed so that the
density of the raw material powder is gradually decreased toward a predetermined
direction R, and the direction R is oriented substantially toward the outer
circumference of the sintering plate 8 in plan view. Thus, it is possible to obtain a
throwaway tip having sintering accuracy.

What is claimed is:

1. A method of simultaneously making a plurality of sintered articles
f[process/method] or throwaway tips of an accuracy of at least M-grade accuracy
from green compacts, said method comprising the steps of: filling raw material
powder into a cavity formed in a die; press forming said raw material powder to form
a plurality of green compacts, placing said green compacts on a sintering plate having
a center; and sintering said green compacts simultaneously to form said sintered
articles, wherein each of said green compacts is formed having at least one of a
density gradient or a dimensional gradient, said at least one gradient decreasing in a
predetermined direction across said green compact, and wherein each of said green
compacts is substantially oriented on said sintering plate in plan view with said
gradient decreasing outwardly from the center of said sintering plate.
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Filed: March
1, 2004

Issued:
January 6,
2009

Expires:
March 2024

7,473,343 Assignee:
TDK Corporation

(Tokyo, JAPAN)

Method of manufacturing rare-earth magnet, and plating bath

Abstract

Provided are a method of manufacturing a rare-earth magnet with superior corrosion
resistance, and a plating bath used for the method. A first protective film including
nickel and a second protective film including nickel and sulfur are laminated in order
on a magnet body including a rare-earth element. The first protective film is formed
through electroplating with a first plating bath including a nickel source, a conductive
salt and a pH stabilizer, and having a concentration of the nickel source of 0.3 mol/l
to 0.7 mol/l on a nickel atom basis and a conductivity of 80 mS/cm or over. Thereby,
a rare-earth-rich phase can be prevented from being leached out, and the production
of pinholes can be reduced. Therefore, the corrosion resistance of the rare-earth
magnet can be improved.

What is claimed is:

1. A method of manufacturing [process/method] a rare-earth magnet, comprising the
steps of: electroplating a first protective film including nickel on a magnet body
including a rare-earth element with a first plating bath of a water solution, the first
plating bath consisting of a nickel source, a conductive salt, a pH stabilizer, and a
semi-brightener and having a concentration of the nickel source of 0.3 mol/l to 0.7
mol/l on a nickel atom basis and a conductivity of 80 mS/cm or over, the nickel
source is selected from the group consisting of nickel sulfate, nickel chlorides and
nickel bromides and the pH stabilizer is selected from the group consisting of boric
acid, sodium borate, potassium borate, lithium borate and magnesium borate; and
forming a second protective film including nickel and sulfur on the first protective
film.

Filed:
January 28,
2004

7,465,363 Assignee:

TDK Corporation

(Tokyo, JAPAN)

Hard magnetic composition, permanent magnet powder, method for permanent
magnet powder, and bonded magnet

Abstract
A single phase consisting of a ThMn.sub.12 phase can be obtained by having the
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Issued:
December 16,
2008

Expires:
Jan 2024

composition thereof represented by a general formula R(Fe.sub.100-y-
wCo.sub.wTi.sub.y).sub.xSi.sub.zA.sub.v (in the general formula, R is at least one
element selected from rare earth elements (here the rare earth elements signify a
concept inclusive of Y), Nd accounts for 50 mol % or more of R, and A is N and/or
C) in which the molar ratios in the general formula are such that x=10 to 12.5,
y=(8.3-1.7.times.z) to 12.3, z=0.1 to 2.3, v=0.1 to 3 and w=0 to 30, and the relation
(Fe+Co+Ti+Si)/R>12 is satisfied

The invention claimed is:

1. A hard magnetic compound, characterized in that: the hard magnetic compound
[composition of matter] is represented by a general formula R(Fe.sub.100-y-
wCo.sub.wTi.sub.y).sub.xSi.sub.zA.sub.v (in the general formula, R is at least one
element selected from rare earth elements (here the rare earth elements signify a
concept inclusive of Y), Nd accounts for 50 mol % or more of R, and A is N and/or
C); and the molar ratios in said general formula are such that x=10 to 12.5, y=(8.3-
1.7.times.z) to 12.3, z=0.1 to 2.3, v=0.1 to 3 and w=0 to 30, and the relation
(Fe+Co+Ti+Si)/R>12 is satisfied; wherein said hard magnetic compound shows a
single phase consisting of a phase having a ThMn.sub.12-type structure.

Filed: June
24, 2004

Issued:
December 9,
2008

Expires:
Filed: June
2024

7,462,403 Assignee:
TDK Corporation

(Tokyo, JAPAN)

R-T-B system permanent magnet

Abstract

An R-T-B system permanent magnet 1 comprises a magnet body 2 comprising a
sintered body comprising at least a main phase comprising R.sub.2T.sub.14B grains
(wherein R represents one or more rare earth elements, and T represents one or more
transition metal elements including Fe or Fe and Co essentially) and a grain boundary
phase containing R in a larger amount than the main phase, the magnet body 2 having
a 300 .mu.m or less thick (not inclusive of zero thick) hydrogen-rich layer 21 having
a hydrogen concentration of 300 ppm or more formed in the surface layer portion,
and an overcoat 3 covering the surface of the magnet body 2 can improve the
corrosion resistance of the R-T-B system permanent magnet 1 with an overcoat 3
formed thereon without degrading the magnetic properties thereof. The present
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invention can be applied to formation of the overcoat 3 by electrolytic plating, can
fully ensure the corrosion resistance as a primary target of the overcoat 3 formation
without substantially degrading the production efficiency, and can provide the R-T-B
system permanent magnet 1 with a high dimensional precision by suppressing the
partial collapse (detachment of grains) of the surface thereof.

The invention claimed is:

1. An R-T-B system permanent magnet characterized by comprising [composition of
matter] : a magnet body comprising a sintered body comprising at least a main phase
comprising R.sub.2T.sub.14B grains (wherein R represents one or more rare earth
elements, and T represents one or more transition metal elements including Fe or Fe
and Co essentially) and a grain boundary phase containing R in a larger amount than
the main phase, the magnet body having a 10-200 .mu.m thick hydrogen-rich layer
having a hydrogen concentration of 300 ppm or more formed in the surface layer
portion; and an overcoat covering the surface of the magnet body.

8. The R-T-B system permanent magnet according to claim 2, characterized in that
the hydrogen-rich layer has a hydrogen concentration [composition of matter]
decreased from the surface of the magnet body toward the inside of the magnet
body.

Filed: Dec
18, 2002

Issued:
Oct 28, 2008

Expires:
Dec 2022

7,442,262 Assignee:
Showa Denko K.K.

(Tokyo, JAPAN)

Alloy flake for rare earth magnet, production method thereof, alloy powder for rare
earth sintered magnet, rare earth

Abstract

Disclosed is a rare earth magnet in the R-T-B (rare earth element-transition metal-
boron) system that is made from an improved composition and properties of main
phase alloy in the R-T-B system containing Pr and a boundary alloy. Disclosed also
is a manufacturing method of the rare earth magnet alloy flake by a strip casting
method with improved rotating rollers such that the alloy flake has a specified fine
surface roughness and has a small and regulated amount of fine R-rich phase regions.
Consequently, the alloy flake for the rare earth magnet does not containing .alpha.-Fe
and has a homogeneous morphology so that the rare earth magnet formed by
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sintering or bonding the alloy flakes exhibits excellent magnetic properties.
The invention claimed is:

1. A main phase alloy for a rare earth magnet to be processed through a two-alloy-
blending method, the main phase alloy containing [composition of matter] R (R
represents at least one rare earth element including Y) in an amount of 26 to 30% by
mass and B in an amount of 0.9 to 1.1% by mass, with the balance being T (T
represents transition metals including Fe as an essential element), characterized in
that R has a Pr content of at least 5% by mass and the main phase alloy has a percent
volume of region containing .alpha.-Fe on the basis of the entire microstructure of
5% or less, and wherein at least one surface thereof has a surface roughness, as
represented by 10-point average roughness (Rz), falling within a range of 5 .mu.m to
50 .mu.m.

5. A method for producing [process/method] a main phase alloy for a rare earth
magnet according to claim 1, wherein the method comprises strip casting.

Filed:
December 24,
2002

Issued:
October 21,
2008

Expires;
Dec 2022

7,438,768 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Rare earth element sintered magnet and method for producing rare earth element
sintered magnet

Abstract

Hydrogen embrittlement is prevented in Sm.sub.2Co.sub.17-based magnets and
R.sub.2Fe.sub.14B-based magnets by metal plating the magnet, then carrying out
heat treatment, or by forming a metal oxide or metal nitride layer on the metal plating
layer or directly on the magnet itself. The invention claimed is:

1. A method of manufacturing [process/method] rare-earth sintered magnets,
characterized by subjecting an alloy composed of 20 to 30 wt % of a constituent R (R
being samarium alone or at least 50 wt % samarium in combination with one or more
other rare-earth element), 10 to 45 wt % iron, 1 to 10 wt % copper and 0.5 to 5 wt %
zirconium, with the balance being cobalt and inadvertent impurities, to the steps of,
in order, melting, casting, coarse size reduction, milling, molding in a magnetic field,
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sintering and aging so as to form a sintered magnet, surface machining the sintered
magnet by cutting and/or grinding, metal plating the surface-machined magnet with a
metal-plating metal, then heat treating the metal-plated magnet at 80 to 850.degree.
C. for a period of from 10 minutes to 50 hours in an argon, nitrogen, air or low-
pressure vacuum atmosphere having an oxygen partial pressure of 10.sup.-4Pa to 50
kPa to form an oxide layer of the metal-plating metal as a hydrogen resistance layer,
the metal-plating metal being one or more selected from among copper, nickel,
cobalt, tin, and alloys thereof.

2. A rare-earth sintered magnet comprising [composition of matter] : 20 to 30 wt %
of a constituent R (R being samarium alone or at least 50 wt % samarium in
combination with one or more other rare-earth element); 10 to 45 wt % iron; 1 to 10
wt % copper; and 0.5 to 5 wt % zirconium, with the balance being cobalt and
inadvertent impurities, wherein said rare-earth sintered magnet has a metal oxide
layer and/or a metal nitride layer on a surface thereof, over an intervening metal-
plating layer, the intervening metal-plating layer comprising one or more selected
from among copper, nickel, cobalt, tin, and alloys thereof.

Filed:
Jan 12, 2006

Issued:
Oct 7, 2008

Expires:
Jan 2026

7,431,070 Assignee:
Showa Denko K.K.

(Tokyo, JAPAN)

Rare earth magnet alloy ingot, manufacturing method for the same, R-T-B type
magnet alloy ingot, R-T-B type magnet, R-T-B type bonded magnet, R-T-B type
exchange spring magnet alloy ingot, R-T-B type exchange spring magnet, and R-T-B
type exchange spring bonded magnet

Abstract

One object of the present invention is to provide a rare earth magnet alloy ingot,
which has improved magnetic properties. In order to achieve the object, the present
invention provides a rare earth magnet alloy ingot, wherein the rare earth magnet
alloy ingot comprises an R-T-B type magnet alloy (R represents at least one element
selected from among rare earth elements, including Y; and T represents a substance
predominantly comprising Fe, with a portion of Fe atoms being optionally substituted
by Co, Ni, Cu, Al, Ga, Cr, and Mn) containing at least one element selected from
among Nd, Pr, and Dy in a total amount of 11.8 to 16.5% by atom and B in an
amount of 5.6 to 9.1% by atom; and wherein as determined in an as-cast state of the
alloy ingot, R-rich phase that measures 100 .mu.m or more is substantially absent on
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a cross section.
What is claimed is:

1. A production method [process/method] for a rare earth magnet alloy ingot,
wherein the production method comprising receiving molten metal by means of a
rotary body; sprinkling the molten metal by the effect of rotation of the rotary body;
and causing the sprinkled molten metal to be deposited and solidify on an inner
surface of a rotating cylindrical mold; and wherein the inner surface includes a non
smooth surface is comprised of grooves having a depth of 0.5 to 1 mm.

4. A production method for a rare earth magnet alloy ingot comprising receiving a
molten alloy of rare earth metal alloy by means of a rotary body; sprinkling the
molten alloy by the effect of rotation of the rotary body, and causing the sprinkled
molten alloy to be deposited and solidify on an inner wall surface of a rotating
cylindrical mold; wherein a film having a thermal conductivity lower than that of
material comprising the mold is provided to the inner wall surface of the cylindrical
mold.

Filed:
October 28,
2005

Issued:
September 16,
2008

Expires:
Oct 2025

7,425,280 Assignee:
TDK Corporation

(Tokyo, JAPAN)

Ferrite magnetic material and process for producing the same

Abstract

The present invention provides a ferrite magnet material comprising, as a main phase,
a ferrite having a hexagonal structure, the main phase containing A, La, R, Fe and
Co, wherein A is at least one element selected from Sr, Ba and Pb, R is Pr and/or Nd,
and the proportions of the total metal elements A, La, R, Fe and Co in the main phase
are respectively A: 1 to 13 atomic %, La: 0.003 to 10 atomic %, R: 0 to 10 atomic %
(excluding 0) Fe: 80 to 95 atomic % and Co: 0.05 to 5 atomic % based on the total
amounts of metal elements. The residual magnetic flux density Br and coercive force
HcJ can be improved without increasing the content of Co by incorporating Pr and/or
Nd along with La and Co in the ferrite magnet material. What is claimed is:

1. A ferrite sintered magnet, comprising, as a main component, a composition
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[composition of matter] represented by the composition formula: A.sub.1-
x(La.sub.1-mR.sub.m).sub.x(Fe.sub.12-yCo.sub.y).sub.zO.sub.19 wherein A is at
least one element selected from Sr, Ba and Pb; R is Pr and/or Nd; and
0.04.Itoreq.x<0.80; 0.02.Itoreq.y<0.20; 0.00<m<0.90; 0.90<z<1.10; and
1.3.1toreq.x/yz<2.5.

Filed: 7,416,613 Assignee: Method for compacting magnetic powder in magnetic field, and method for

January 21, producing rare-earth sintered magnet

2005 TDK Corporation
Abstract

Issued: (Tokyo, JAPAN) A method for compacting a magnetic powder in a magnetic field comprising steps of

August 26, filling a die with a magnetic powder, applying a pulsed magnetic field to the

2008 magnetic powder in the die to orientate the powder, and compressing the magnetic
powder, wherein the pulsed magnetic field is applied twice or more when density

Expires: .rho. of a compacted body of said magnetic powder satisfies the relationship

Jan 2025 .rho.=.alpha..times.H.sup.0.5+.beta.(.alpha.=0.63 and .beta.=1 to 2), where H is
intensity (T) of the applied magnetic field.
What is claimed is:
1. A method for producing [process/method] a rare-earth sintered magnet,
comprising the steps of: compacting a magnetic powder in a magnetic field in which
a pulsed magnetic field with damped oscillation is applied to a compacted body of
starting magnet powder, sintering said compacted body at a given temperature into a
sintered body, and heat-treating said sintered body for aging, wherein: said pulsed
magnetic field with damped oscillation is applied twice or more when density .rho. of
said compacted body of starting magnet powder at least satisfies the relationship
.rho.=.alpha..times.H.sup.0.5+.beta.(.alpha.=0.63 and .beta.=1 to 2), where H is
intensity (T) of the applied magnetic field.

Filed: 7,416,578 Assignee: Powder metal composition

September 19,

2005 Hoganas AB Abstract

The invention concerns a powder metal composition comprising an iron based
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Issued:
August 26,
2008

Expires:
Sept 2025

(Hoganas,
SWEDEN)

powder and a lubricant and/or binder comprising at least one secondary amide of the
general formula: R.sub.1--NH--CO--R.sub.2, wherein R.sub.1 and R.sub.2 are the
same or different, straight or branched, saturated or unsaturated aliphatic
hydrocarbon groups. The invention further concerns a method of making green
bodies of the powder metal composition according to the invention, a method of
producing a bonded iron-based powder composition, as well as the use of the at least
one secondary amide as a lubricating and/or binding agent for iron based powders
and the use as a die wall lubricant.

The invention claimed is:

1. Powder metal composition [composition of matter] for compaction when
producing powder metal components comprising an iron based powder selected from
pure iron, iron powder pre-alloyed, diffusion annealed or mixed with alloying,
element(s) selected from Cu, Mo, Cr, Mn, P, C, Ni, Si, B, V, Ti, Al, Co, W, or
mixtures thereof and a lubricant and/or binder comprising 0.05-2% by weight of at
least one secondary amide of the general formula: R.sub.1--NH--CO--R.sub.2
wherein R.sub.1 and R.sub.2 are the same or different, straight or branched, saturated
or unsaturated aliphatic hydrocarbon groups.

2. Composition according to claim 1, wherein R.sub.1 and R.sub.2 independently
include 10 to 24 carbon atoms.

3. Composition according to claim 1 wherein R.sub.1 and R.sub.2 are selected from
the group consisting of alkyl and alkenyl.

Filed:
July 20, 2004

Issued:
September 30,
2008

RE40,524

Assignee:

Hitachi Metals, Ltd.

(Tokyo, JAPAN)

Magnet powder-resin compound particles, method for producing such compound
particles and resin-bonded rare earth magnets formed therefrom

Abstract

The magnet powder-resin compound particles substantially composed of rare earth
magnet powder and a binder resin are in such a round shape that a ratio of the
longitudinal size a to the transverse size b (a/b) is more than 1.00 and 3 or less, and
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Expires:
Sept 2024

that an average particle size defined by (a/b)/2 is 50-300 .mu.m. They are produced
by charging a mixture of rare earth magnet powder and a binder resin into an extruder
equipped with nozzle orifices each having a diameter of 300 .mu.m or less; extruding
the mixture while blending under pressure though the nozzle orifices to form
substantially cylindrical, fine pellets; and rounding the pellets by rotation.

What is claimed is:

1. .[.A.]. .I add.An isotropic, .| addend. resin-bonded rare earth magnet substantially
composed of [composition of matter] an R--T--B alloy powder, wherein R is at
least one rare earth element including Y, and T is Fe or Fe+Co, and a binder resin,
said R--T--B alloy powder comprising an R.sub.2T.sub.14B.[.-type.]. intermetallic
compound as a main phase and having an average crystal grain size of 0.01-0.5
.mu.m, and wherein said resin bonded rare earth magnet is in the shape of a ring
having a radial thickness of 0.3-3 mm and a length of 50 mm or less, .[.the.]. .ladd.a
.laddend.deviation of an outer periphery of said resin-bonded rare earth magnet from
a circle being 10 .mu.m or less in said radial thickness of 0.3-3 mm along the
circularity of an outer diameter of 50 mm or less, said resin-bonded rare earth magnet
having two end portions and a center portion therebetween along the length thereof
and having a density of 6.0 g/cm.sup.3 or more with a density distribution showing
higher density in the two end portions than in the center portion between the two end
portions of the resin-bonded rare earth magnet, the difference between the highest
density in the two end portions and the lowest density in the center portion being 0.3
g/cm.sup.3 or less, said resin-bonded rare earth magnet having a (BH).sub.max of
.[.10.5 MGOe or more.]. .ladd.greater than about 10.1 MGOe, and said resin-bonded
rare earth magnet being produced by a compression molding method.laddend.

Filed:

Issued:
July 22, 2008

Expires:

7,402,226 Assignees:

Japan Science and
Technology
Agency

Minute high-performance rare earth magnet for micromini product and process for
producing the same

Abstract
A method of manufacturing a rare earth permanent magnet comprises the steps of:
forming a rare earth magnet by applying mechanical processing to a magnet block
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(JAPAN)
Hitachi Metals, Ltd.
(Tokyo, JAPAN)

Machida; Kenichi
(JAPAN)

material, thereby damaging the surface of the magnet and causing a magnetic
characteristic (BH)max of the magnet to deteriorate, followed by transforming a rare
earth metal or an alloy thereof into fine particles or a vapor, and allowing the fine
particles or vapor to diffuse and permeate the magnet, thereby improving the quality
of the damaged magnet surface portion so that the magnetic characteristic (BH)max
IS recovered.

We claim:

1. A method of manufacturing [process/method] a small rare earth permanent
magnet comprising the steps of: forming a cylindrical or disc-shaped rare earth
magnet with a hole forming an inner surface, wherein the magnet has a surface to
volume ratio of 2 mm.sup.-1 or more and a volume of 100 mm.sup.3 or less, the
forming step including a step of applying mechanical processing to a sintered Nd--
Fe--B system or Pr--Fe--B system rare earth magnet block material so as to damage
the surface of the magnet and to cause a magnetic characteristic (BH).sub.max of the
magnet to deteriorate, inserting an electrode wire into the hole of the cylindrical or
disc-shaped magnet, supporting the magnet on the electrode wire in a depressurized
tank, placing the electrode wire between oppositely-disposed targets in the tank,
wherein the oppositely-disposed targets are ring-shaped targets disposed
concentrically with respect to the center axis of the cylindrical or disc-shaped
magnet, the electrode wire extending and being fixed on a rotation shaft of a motor
located outside of one of the ring-shaped targets, reverse-sputtering the magnet while
the magnet is made to be electrically negative through the electrode wire,
transforming an R metal (R denotes at least one kind of rare earth elements selected
from the group consisting of Y, Nd, Dy, Pr, Ho and Tb) or an alloy containing an R
metal into fine particles by a sputtering method, rotating the magnet with the
electrode wire as a rotation shaft, allowing the fine particles to fly three-
dimensionally and deposit to form uniform film onto the whole or part of the surface
of the magnet, allowing the film to diffuse and permeate from the surface of the
magnet to the inside of the magnet to at least a depth corresponding to a radius of a
grain exposed on the outermost surface of the magnet, and thereby modifying the
damaged magnet surface so that the magnetic characteristic (BH).sub.max is
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recovered to 280 kJ/m.sup.3 or more.

Filed:
Feb 22, 2005

Issued:
June 24, 2008

Expires:
Feb 2025

7,391,291 Assignee:

Shin-Etsu Chemical
Co., Ltd.

(Tokyo, JAPAN)

Sealed rare earth magnet and method for manufacturing the same

Abstract

It is an object of the present invention to provide a rare earth magnet that will not
decompose due to hydrogen embrittlement when used in a hydrogen gas atmosphere,
and furthermore, does not pose the risk of contaminating a reaction bath with the
surface treated film of the magnet. The present invention provides a sealed rare earth
magnet comprising: a rare earth magnet; and a case of aluminum or aluminum alloy,
wherein the case covers entirety of the rare earth magnet and is sealed by HIP; and
the methods for manufacturing the same.

What is claimed is:

1. A sealed rare earth magnet comprising [composition of matter] : a rare earth
magnet; and a case of aluminum or aluminum alloy having a lid portion sealed to a
case portion, wherein the case covers entirety of the rare earth magnet and has
substantially no pinholes such that penetration of hydrogen gas into an interior of the
case is prevented, and wherein the magnet has a size and shape approximating the
interior shape of the case.

5. The sealed rare earth magnet according to claim 1, wherein the rare earth magnet is
a R--Co-based rare earth magnet and wherein R is selected from the group consisting
of lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd), europium
(Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er),
thulium (Tm), ytterbium (Yb), lutetium (Lu), scandium (Sc) and yttrium (Y).

7. The sealed rare earth magnet according to claim 1, wherein the rare earth magnet is
a R--Fe--B -based rare earth magnet and wherein R is selected from the group
consisting of lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd),
europium (Eu), gadolinium (Gd), terbium (Tb), samarium (Sm), dysprosium (Dy),
holmium (Ho), erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu), scandium
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(Sc) and yttrium ().

Filed:
November 23,
2004

Issued:
June 24, 2008

Expires:
Nov 2024

7,390,579 Assignee:
Magnequench, Inc.
(Singapore,

Republic of
Singapore)

Coating formulation and application of organic passivation layer onto iron-based rare
earth powders

Abstract

The present disclosure relates to coating formulations for neodymium-iron-boron
type magnetic powders manufactured from rapid solidification processes for the
purpose, inter alia, of corrosion and oxidation resistance when exposed to aggressive
environments. The coating formulation preferably contains an epoxy binder, curing
agent, an accelerating agent, and a lubricant. By incorporating coupling agents and
optionally, other specialty additives with the magnetic powder and the organic epoxy
components, additional oxidation and corrosion prevention, enhanced adhesion and
dispersion between the filler and matrix phases can be achieved. This disclosure
relates to all such rare earth-transition metal-boron (RE-TM-B) powders produced by
rapid solidification and encompasses both the bonded magnet products that include
combinations of the materials mentioned and the application processes.

What is claimed is:

1. A rapidly solidified rare earth-transition metal-boron magnet material, comprising
[composition of matter] a coated rare earth-transition metal-boron magnet powder
comprising the magnet powder and a coating formulation, wherein the coating
formulation comprises a combination, in an amount by weight of the magnet powder,
of about 0.1 weight percent to about 1 weight percent of an organotitanate or
organozirconate coupling agent, about 0.18 weight percent to about 4.46 weight
percent of an epoxy resin, about 0.01 weight percent to about 0.27 weight percent of
an amine-based hardener, about 0.004 weight percent to about 0.09 weight percent of
an accelerator, and about 0.003 weight percent to about 0.27 weight percent of a
lubricant; wherein the general form of the coupling agent is (RO--).sub.n(Ti or Zr)(--
OR'Y).sub.4-n where R is a neopentyl(diallyl), dioctyl, or (2,2-
diallyloxymethyl)butyl group, Ti or Zr has a coordination number of 4, R" is a
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phosphito, pyrophosphato or cyclic pyrophosphato segment, and Y is a dioctyl or
ditridecyl end group with 1.ltoreq.n.ltoreq.4.

3. A rapidly solidified rare earth-transition metal-boron magnet material comprising
[composition of matter] a coated rare earth-transition metal-boron magnet powder
comprising the magnet powder and a coating formulation, wherein the coating
formulation comprises a combination, in an amount by weight of the magnet powder,
of about 0.225 weight percent to about 4.25 weight percent of epichlorohydrin/cresol
novolac epoxy resin, about 0.01 weight percent to about 0.26 weight percent of
dicyandiamide hardener, about 0.005 weight percent to about 0.085 weight percent of
an aromatic, tertiary amine accelerator, about 0.004 weight percent to about 0.27
weight percent of zinc stearate lubricant, and about 0.35 weight percent to about 0.75
weight percent of an organotitanate coupling agent of the form (RO--)Ti(--
OR'Y).sub.3 where R is a neopentyl(diallyl), Ti has a coordination number of 4, R" is
a pyrophosphato segment, and Y is a dioctyl end group.

Filed:
Filed: April
21, 2004

Issued:
June 24, 2008

Expires:
April 2024

7,390,369 Assignee:
Neomax Co., Ltd.
(Osaka, JAPAN)

Originally
Sumitomo Special
Metals Co., Ltd.,
now a 100%
subsisidiary of
Hitachi Metals.

Method for producing rare earth based alloy powder and method for producing rare
earth based sintered magnet

Abstract

An inventive method of making a rare-earth alloy powder is used to produce a rare-
earth sintered magnet, whose main phase has a composition R.sub.2T.sub.14A
(where R is one of the rare-earth elements including Y; T is Fe with or without a non-
Fe transition metal; and A is boron with or without carbon). The method includes the
steps of: preparing a first rare-earth rapidly solidified alloy, having a columnar
texture with an average dendritic width within a first range, by subjecting a melt of a
first rare-earth alloy with a first composition to a rapid cooling process; preparing a
second rare-earth rapidly solidified alloy, having a columnar texture with an average
dendritic width smaller than that of the first rare-earth rapidly solidified alloy and
falling within a second range, by subjecting a melt of a second rare-earth alloy with a
second composition to the rapid cooling process; making a first rare-earth alloy
powder by pulverizing the first solidified alloy; making a second rare-earth alloy
powder by pulverizing the second solidified alloy; and making a powder blend
including the first and second rare-earth alloy powders.
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The invention claimed is:

1. A method of making [process/method] a rare-earth alloy powder for use to
produce a rare-earth sintered magnet, of which a main phase has a composition
represented by R.sub.2T.sub.14A (where R is one of the rare-earth elements
including Y; T is either Fe alone or a mixture of Fe and a transition metal element
other than Fe; and A is either boron alone or a mixture of boron and carbon), the
method comprising the steps of: preparing a first R--Fe--B based rare-earth rapidly
solidified alloy, which has a columnar texture with an average dendritic width falling
within a first range, by subjecting a melt of a first R--Fe--B based rare-earth alloy
with a first composition to a rapid cooling process; preparing a second R--Fe--B
based rare-earth rapidly solidified alloy, which has a columnar texture with an
average dendritic width that is smaller than that of the first R--Fe--B based rare-earth
rapidly solidified alloy and that falls within a second range, by subjecting a melt of a
second R--Fe--B based rare-earth alloy with a second composition to the rapid
cooling process; making a first R--Fe--B based rare-earth alloy powder by
pulverizing the first R--Fe--B based rare-earth rapidly solidified alloy; making a
second R--Fe--B based rare-earth alloy powder by pulverizing the second R--Fe--B
based rare-earth rapidly solidified alloy; and making a powder blend including the
first and second R--Fe--B based rare-earth alloy powders.

13. A method for producing [process/method] a rare-earth sintered magnet, of
which a main phase has a composition represented by R.sub.2T.sub.14A (where R is
one of the rare-earth elements including Y; T is either Fe alone or a mixture of Fe and
a transition metal element other than Fe; and A is either boron alone or a mixture of
boron and carbon), the method comprising the steps of: preparing a R--Fe--B based
rare-earth alloy powder by the method of claim 1; compacting a powder material,
including the R--Fe--B based rare-earth alloy powder, thereby obtaining a compact;
and sintering the compact.

Filed:
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Method for producing magnetostrictive element and container for sintering
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2006

Issued:
June 10, 2008

TDK Corporation

(Tokyo, JAPAN)

Abstract

It is an object of the present invention to provide a method for producing a
magnetostrictive element, capable of assuredly producing a magnetostrictive element
by powder metallurgy. In a container for sintering , a compact is sintered into a
magnetostrictive element having a composition of SmFe.sub.2 while held by a

Expires: support of SmFe.sub.2 or Nb stable during the sintering step. The support is

Feb 2026 composed of particles coming into contact with the compact at multiple points, to
control fusion-bonding between the support and the compact to a limited extent.
What is claimed is:
1. A method for producing a magnetostrictive element [process/method] having a
composition of SmFe.sub.2, comprising the steps of: compacting a starting powder
containing at least Sm and Fe into a compact in a magnetic field, and sintering the
compact while being supported by a support of Nb and/or SmFe.sub.2 in a container.

Filed: 7,377,985 Assignee: Temper process of sintered Nd-Fe-B permanent magnet

December 9,

2005 Shanxi Huigiang Abstract

Magnetic Material | The present invention provides a tempering process for sintered Nd--Fe--B

Issued: Manufacturing Co., | permanent magnet material, which optimizes the microstructure of the Nd--Fe--B

May 27, 2008 Ltd. magnet and improves intrinsic coercive force and its consistency by increasing the
cooling rate after tempering. After heating to a temper temperature, the magnetic

Expires: (Shanxi, CHINA) material is cooled in a cooling liquid within a cooling chamber into which a

Dec 2015 pressurized cooling gas is introduced.

The invention claimed is:

1. A temper method [process/method] for a Nd--Fe--B permanent magnet,
comprising (a) heating the magnet in a primary temper process to a primary temper
temperature; (b) cooling the magnet in the primary temper process in a cooling liquid
in a chamber into which a pressurized cooling exchange gas under a pressure of
about 1.8-3.5 times higher than the normal pressure of the cooling gas is introduced;
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(c) re-heating the magnet in a secondary temper process to a secondary temper
temperature; and (d) cooling the magnet in the secondary temper process in a cooling
liquid in a chamber into which a pressurized cooling gas under a pressure of about
1.8-3.5 times higher than the normal pressure of the cooling gas is introduced. ...

10. A temper method for a Nd--Fe--B permanent magnet, comprising (a) heating the
magnet in a primary temper process to a primary temper temperature, wherein the
primary temper temperature is in the range of about 900-930.degree. C. and is held
for about 2-3 hours; (b) cooling the magnet in the primary temper process in a
cooling liquid in a chamber into which a pressurized cooling exchange gas under a
pressure of about 1.8-3.5 times higher than the normal pressure of the cooling gas is
introduced, wherein the magnet is cooled at a rate of about 80-120.degree. C. per
minute; (c) re-heating the magnet in a secondary temper process to a secondary
temper temperature, wherein the secondary temper temperature is in the range of
about 500-630.degree. C. and is held for about 2-4.5 hours; and (d) cooling the
magnet in the secondary temper process in a cooling liquid in a chamber into which a
pressurized cooling gas under a pressure of about 1.8-3.5 times higher than the
normal pressure of the cooling gas is introduced, wherein the magnet is cooled at a
rate of about 80-120.degree.C. per minute.

Filed: 7,371,292 Assignee: Nd-Fe-B type anisotropic exchange spring magnet and method of producing the same
November 12,
2003 Nissan Motor Co., | Abstract
Ltd. A Nd--Fe--B type anisotropic exchange spring magnet is produced by a method of
Issued: obtaining powder of a Nd--Fe--B type rare earth magnet alloy which comprises hard
May 13, 2008 (Kanagawa, magnetic phases and soft magnetic phases wherein a minimum width of the soft
JAPAN) magnetic phases is smaller than or equal to 1 .mu.m and a minimum distance
Expires: between the soft magnetic phases is greater than or equal to 0.1 .mu.m, obtaining a
Nov 2023 compressed powder body by compressing the powder, and obtaining the Nd--Fe--B

type anisotropic exchange spring magnet by sintering the compressed powder body
using a discharge plasma sintering unit.

What is claimed is:
This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the

P . . U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office.
( CM I Critical Materials Institute P 8 &Y Y &Y &
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1. A Nd--Fe--B type rare earth magnet alloy for a Nd--Fe--B type anisotropic
exchange spring magnet [composition of matter] comprising: hard magnetic
phases and soft magnetic phases; wherein a minimum width of the soft magnetic
phases is smaller than or equal to 1 .mu.m; a minimum distance between the soft
magnetic phases is greater than or equal to 0.1 .mu.m; and a composition of the Nd--
Fe--B type rare earth magnet alloy is expressed by the following chemical formula
(1) Nd.sub.xFe.sub.100-x-y-zB.sub.yV.sub.z (1) where x is within a range from 9 to
11, y is within a range from 5 to 8 and z is within a range from 0 to 2, wherein
chemical formula (1) optionally comprises Co, and if Co is present in the alloy 0.01
to 30 atom % of Fe is replaced with Co.

5. The Nd--Fe--B type rare earth magnet alloy as claimed in claim 1, wherein the Nd-
-Fe--B type rare earth magnet alloy is a thin strip crystalline alloy produced by
[process/method] a strip casting method.

7. Powder of a Nd--Fe--B type rare earth magnet alloy, the Nd--Fe--B type rare earth
magnet alloy comprising: hard magnetic phases and soft magnetic phases, wherein a
minimum width of the soft magnetic phases is smaller than or equal to 1 .mu.m; a
minimum distance between the soft magnetic phases is greater than or equal to 0.1
.mu.m; and a composition of the Nd--Fe--B type rare earth magnet alloy is expressed
by the following chemical formula (1) Nd.sub.xFe.sub.100-x-y-zB.sub.yV.sub.z (1)
where X is within a range from 9 to 11, y is within a range from 5 to 8 and z is within
a range from 0 to 2, wherein chemical formula (1) optionally comprises Co, and if Co
is present in the alloy 0.01 to 30 atom % of Fe is replaced with Co.

Filed:
December 2,
2002

Issued:
May 13, 2008

7,371,290 Assignee:
Neomax Co., Ltd.
(Osaka, JAPAN)

Originally

Production method for permanent magnet and press device

Abstract

To avoid various problems caused by remnant magnetization and produce an
anisotropic bonded magnet at a reduced cost, a method for producing an anisotropic
bonded magnet by feeding a magnetic powder (such as an HDDR powder) into the
cavity of a press machine and compacting it is provided. A weak magnetic field is
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Expires: Sumitomo Special created as a static magnetic field in a space including the cavity by using a magnetic
Dec 2022 Metals Co., Ltd., member that is steadily magnetized. The magnetic powder being transported into the
now a 100% cavity is aligned parallel to the direction of the weak magnetic field. Next, the
subsisidiary of magnetic powder is compressed in the cavity, thereby obtaining a compact.
Hitachi Metals.
The invention claimed is:
1. A method for producing a permanent magnet [process/method] by feeding a
magnetic powder into a cavity of a press machine and compacting the magnetic
powder, the method comprising the steps of: creating a magnetic field having a
strength of 8 kA/m to 120 kA/m as a static magnetic field in a space including the
cavity and transporting the magnetic powder toward the inside of the cavity while
aligning the magnetic powder parallel to the direction of the magnetic field; and
compacting the magnetic powder inside of the cavity, thereby obtaining a compact.
Filed: 7,364,628 Assignee: Solid material for magnet
April 24,2002
Asahi Kasei Abstract
Issued: Kabushiki Kaisha | A solid material for a magnet, comprising a rare-earth/iron/nitrogen/hydrogen system
April 29, 2008 magnetic material.
(Osaka, JAPAN)
Expires: The invention claimed is:
April 2022

1. A method of producing [process/method] a solid material for a magnet
comprising a rare-earth/iron/nitrogen/hydrogen system magnetic material, said
method comprising subjecting said solid material to shock-compaction via
underwater shock-waves.

3. A method as claimed in claim 1, wherein raw-material powders are subjected to
powder compacting in a magnetic field.

4. A method as claimed in claim 1, comprising the step of heat-treating said material
at least once at a temperature of 100.degree. C. or more but less than a decomposition
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temperature.

Filed:
March 24,
2011

Issued:
January 29,
2013

Expires:
March 2031

8,361,242

Assignee:

Vacuumschmeize
GmbH & Co. KG

(GERMANY)

Powders for rare earth magnets, rare earth magnets and methods for manufacturing
the same

Abstract

A powder consists essentially by weight, of 28.00.1toreq.R.Itoreq.32.00%, where R is
at least one rare earth element including Y and the sum of Dy+Tb>0.5,
0.50.lItoreq.B.ltoreq.2.00%, 0.50.1toreq.Co.ltoreq.3.50%, 0.050.ltoreq.M.ltoreq.0.5%,
where M is one or more of the elements Ga, Cu and Al, 0.25 wt %<0.ltoreq.0.5%,
0.15% or less of C, balance Fe.

What is claimed:

1. A method to produce powders [process/method] for use in R--Fe--B--M type
permanent magnets comprising: melting an alloy consisting of, by weight,
28.00.Itoreq.R.Itoreq.32.00%, where R is at least one rare earth element including Y
and the sum of Dy+Tb>0.5, 0.50.1toreq.B.ltoreq.2.00%, 0.50.1toreq.Co.ltoreq.3.50%,
0.050.Itoreq.M.ltoreq.0.5%, where M is one or more of the elements Ga, Cu and Al,
0.25 wt %<0.ltoreq.0.5%, 0.15% or less of C, 0.15% or less of N, balance Fe; casting
said alloy to form at least one ingot, wherein the solidified ingot comprises finely
dispersed .alpha.-Fe phase, and R.sub.2Fe.sub.14B and R-rich constituents; annealing
said ingot at a temperature in the range of 800.degree. C. to 1200.degree. C. under an
inert atmosphere of Ar or under vacuum to form an ingot which is free of said
.alpha.-Fe phase; hydrogenating said ingots in hydrogen gas in order to hydrogenate
the R-rich constituents; coarsely pulverising said ingot to form a coarsely pulverised
powder; performing a fine pulverisation of said coarsely pulverised powder in an
atmosphere comprising oxygen, thereby forming an oxidized, finely pulverised
powder; wherein said finely pulverised powder comprises an oxygen content of 0.25
wt %<0.Itoreq.0.5 wt %

Filed:
November 18,
2003

7,357,880

Assignee:

Aichi Steel

Composite rare-earth anisotropic bonded magnet, composite rare-earth anisotropic
bonded magnet compound, and methods for their production
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Issued:
April 15, 2008

Expires:
Nov 2023

Corporation \

(Tokai-shi,
JAPAN)

Abstract

The bonded magnet of the present invention, in which average particle diameter and
compounding ratio are specified, is comprised of Cobalt-less R1 d-HDDR coarse
magnet powder that has been surface coated with surfactant, R2 fine magnet powder
that has been surface coated with surfactant (R1 and R2 are rare-earth metals), and a
resin which is a binder. The resin, a ferromagnetic buffer in which R2 fine magnet
powder is uniformly dispersed, envelops the outside of the Cobalt-less R1 d-HDDR
coarse magnet powder. Despite using Cobalt-less R1 d-HDDR anisotropic magnet
powder, which is susceptible to fracturing and therefore vulnerable to oxidation, the
bonded magnet of the present invention exhibits high magnetic properties along with
extraordinary heat resistance.

Contrary to the technology's conventional wisdom coarse Co-less NdFeB anisotropic
magnet powder, which has poor resistance to oxidation, , combined with fine SmFeN
anisotropic magnet powder, having similarly poor oxidation resistance, succeeded at
obtaining a composite rare-earth anisotropic bonded magnet which has excellent
initial magnetic properties, and exhibits ample heat resistance (irreversible loss
properties) the same or greater than bonded magnets that use Co-containing
anisotropic magnet powder.

What is claimed is:

1. A composite rare-earth anisotropic bonded magnet, comprising [composition of
matter] : (A) Cobalt-less R1 d-HDDR coarse powder with an average grain diameter
of 40-200 .mu.m and having micro-cracks, comprising: 1. Cobalt-less R1 d-HDDR
anisotropic magnet powder, obtained by performing a d-HDDR treatment on a
cobalt-less R1 alloy of a rare-earth element including yttrium () (hereafter, "R1"),
iron (Fe), and boron (B) as the main ingredients and fundamentally not containing
cobalt; and 2. #1 surfactant that coats at least one part of the grain surface of said
cobalt-less R1 d-HDDR anisotropic magnet powder; and (B) R2 fine magnet powder
with an average aspect ratio of 2 or less and average grain diameter 1-10 .mu.m,
comprising: 1. R2 anisotropic magnet powder with a maximum energy product
(BH)max 240 kJ/m.sup.3 or more and with a rare-earth element including yttrium
(hereafter, "R2") as one of the principle ingredients; and 2. #2 surfactant that coats at
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least one part of the grain surface of said R2 anisotropic magnet Powder and (C) a
thermosetting resin as binder; wherein the said bonded magnet contains 50-84 wt %
of said Co-less R1 d-HDDR coarse magnet powder, 15-40 wt % of said R2 fine
magnet powder, and 1-10 wt % of said thermosetting resin; and wherein relative
density (.rho./.rho..sub.th) of the said bonded magnet, which is the ratio of volume
density (.rho.) to theoretical density (.rho..sub.th), is 91-99%; and wherein
normalized grain count of the said Co-less R1 d-HDDR coarse magnet powder in the
said bonded magnet, where per unit area apparent grain diameter is 20 .mu.m or less,
is 1.2.times.10.sup.9 pieces/m.sup.2 or less; the said composite rare-earth anisotropic
bonded magnet having the special characteristics of outstanding magnetic properties
and heat tolerance.

Filed:
October 18,
2002

Issued:
March 18,
2008

Expires:
Oct 2022

7,344,606

Assignee:
Neomax Co., Ltd.
(Osaka, JAPAN)

Originally
Sumitomo Special
Metals Co., Ltd.,
now a 100%
subsisidiary of
Hitachi Metals.

Permanent magnet manufacturing method and press apparatus

Abstract

An anisotropic bonded magnet is produced at a low cost by avoiding various
problems caused by remanence. Also, the unit weight and density of a compact is
increased by filling even a cavity, having no easily feedable shape, with a magnet
powder just as intended. An anisotropic bonded magnet is produced by feeding the
cavity of a press machine with a magnetic powder (e.g., an HDDR powder) and
compacting it. After the magnetic powder has been positioned outside of the cavity,
an oscillating magnetic field (e.g., an alternating magnetic field) is created in a space
including the cavity. The magnetic powder is transported into the cavity while being
aligned parallel to the oscillating direction of the oscillating magnetic field.
Thereafter, the magnetic powder is compressed within the cavity to make a compact
for an anisotropic bonded magnet.

The invention claimed is:

1. A method for producing a permanent magnet [process/method] by feeding a
magnetic powder into a cavity of a press machine and compacting the magnetic
powder, the method comprising the steps of: applying an oscillating magnetic field to
a space including the cavity; moving the magnetic powder toward the inside of the
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cavity while aligning the magnetic powder parallel to the direction of the oscillating
magnetic field; and compacting the magnetic powder inside of the cavity, thereby
obtaining a compact, wherein the oscillating magnetic field within the cavity has its
maximum value adjusted such that the compact, which has just been pressed by the
press machine, has a surface flux density of 0.005 tesla or less, and wherein the
maximum value of the oscillating magnetic field within the cavity is adjusted to 120
KA/m or less.

Filed:
December 20,
2005

Issued:
March 18,
2008

Expires:
Dec 2025

7,344,605 Assignee:

Nissan Motor Co.,
Ltd

(Kanagawa,
JAPAN)

Exchange spring magnet powder and a method of producing the same

Abstract

An anisotropic exchange spring magnet powder complexing a hard magnetic material
and a soft magnetic material, wherein a rare earth metal element, a transition metal
element, boron and carbon and the like are contained, and the hard magnetic material
and soft magnetic material have crystal particle diameters of 150 nm or less. A
method of producing an anisotropic exchange spring magnet powder comprises
treating a crystalline mother material containing a hard magnetic material and soft
magnetic material or the crystalline mother material having amorphous parts, in a
continuous process composed of an amorphising process and the following
crystallizing process, repeated once or more times. An anisotropic exchange spring
magnet is obtained by treatment, in an anisotropy- imparting molding process and a
solidification process, of an anisotropic exchange spring magnet powder.

What is claimed is:

1. A method of producing an anisotropic exchange spring magnet powder
[process/method] comprising: preparing a crystalline mother material containing a
hard magnetic material phase containing a rare earth metal element, a transition metal
element, and at least one element selected from the group consisting of boron (B),
carbon (C), nitrogen (N) and oxygen (O), and a soft magnetic material phase
containing a transition metal element, and at least one element selected from the
group consisting of boron (B), carbon (C), nitrogen (N) and oxygen (O), wherein the
crystalline mother material partially having a content of amorphous parts of below
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about 95%; amorphising said crystalline mother material by a ball milling method,
and crystallizing said crystalline mother material amorphisated in the amorphising
process by heat treating.

Filed:
October 18,
2002

Issued:
March 4, 2008

Expires:
Oct 2022

7,338,573 Assignee:
MagnetNotes, Ltd

(Toledo, OH, USA)

Magnetic substrates with high magnetic loading

Abstract

A method of forming a magnetic assembly having at least one magnetic layer having
dimensions of thickness, width and length, and at least one printable substrate layer
having dimensions of thickness, width and length, including the steps of providing a
molten magnetic composition including about 70 wt-% to about 95 wt-% of at least
one magnetic material and about 5 wt-% to about 30 wt-% of at least one
thermoplastic binder, forming the magnetic composition into a magnetic layer at an
elevated temperature and directly applying the magnetic layer at an elevated
temperature to a first surface of a printable substrate layer wherein. An adhesion
promoting composition may be further provided between the magnetic layer and the
printable substrate layer for improving adhesion between the magnetic layer and the
printable substrate layer.

The invention claimed is:

1. The method of forming a multi-layer magnetic assembly in-line [process/method]
, said multi-layer magnetic assembly consisting of a magnetic layer, an adhesion
promoting layer, and a printable substrate layer, said method comprising the steps of:
a) providing a hot melt magnetic composition, said hot melt magnetic composition
comprising comprises about 80 wt-% to about 95 wt-% of at least one magnetic
material and about 5 wt-% to about 20 wt-% of at least one thermoplastic material at
an elevated temperature with an extruder; b) providing a printable substrate layer; c)
providing an adhesion promoting layer on said printable substrate layer; and d)
applying said hot melt magnetic composition at an elevated temperature directly to
said printable substrate layer with a first slot die application head to form a magnetic
layer having a thickness of about 50 microns to about 305 microns on said printable
substrate layer, the adhesion promoting layer between said printable substrate layer
and said magnetic layer.
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Filed:
November 8,
2002

Issued:
March 4, 2008

Expires:
Nov 2022

7,338,566

Assignee:

Santoku
Corporation

(Kobe-shi, JAPAN)

Alloy for sm-co based magnet, method for production thereof, sintered magnet and
bonded magnet
Abstract

The present invention relates to a Sm--Co based magnet alloy useful as a raw
material for producing magnets having high magnetic properties, such as sintered or
bonded magnets, methods for producing such an alloy, and sintered or bonded
magnets having excellent corrosion resistance and high magnetic properties, such as
high coercivity and good squareness. The magnetic alloy is composed of an alloy
represented by the formula RM with 32.5 to 35.5 wt % R such as Sm and the balance
of M such as Co, wherein ratio (B/A) of the X-ray diffraction intensity (B)
corresponding to the (119) plane of R.sub.2M.sub.7 phase to the X-ray diffraction
intensity (A) corresponding to the (111) plane of RM.sub.5 phase is not higher than
0.1.

What is claimed is:

1. A method of producing a Sm--Co based magnet alloy [process/method]
consisting of an alloy represented by the formula RM with 32.5 to 35.5 wt % R and
the balance of M, wherein R is Sm alone, or Sm in combination with at least one rare
earth metal selected from the group consisting of Ce, Pr, Nd, and Gd, M is Co alone,
or Co in combination with at least one transition metal, provided that R and M may
include inevitable elements, wherein a ratio (B/A) of an X-ray diffraction intensity
(B) corresponding to (119) plane of R.sub.2M.sub.7 phase to an X-ray diffraction
intensity (A) corresponding to (111) plane of RM.sub.5 phase is not higher than 0.1,
said method comprising cooling an alloy melt of 32.5 to 35.5 wt % raw material alloy
for R and the balance of raw material alloy for M from a melting point of said alloy
to 800.degree. C. over 0.5 to 20 seconds, and from 800.degree. C. to 200.degree. C.
over not less than 600 seconds.

Filed:
November 28,
2003

7,335,392

Assignee

Neomax Co., Ltd.

Method for producing corrosion-resistant rare earth metal-based permanent magnet
Abstract
The objectives of the present invention are to provide a stable and simple method for
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Issued:
February 26,
2008

Expires:
Nov 2023

(Osaka, JAPAN)

Originally
Sumitomo Special
Metals Co., Ltd.,
now a 100%
subsisidiary of
Hitachi Metals.

producing a rare earth metal-based permanent magnet having on the surface thereof a
corrosion-resistant film containing fine zinc particles dispersed therein, a corrosion-
resistant rare earth metal-based permanent magnet produced by the method, a dip
spin coating method being suitable for forming a coating film on thin type work
pieces having various shapes, and a method for forming a coating film on a work
piece. A method for producing a corrosion-resistant rare earth metal-based permanent
magnet of the present invention, characterized in that it comprises providing an
aqueous treating fluid, which contains a hydrolysis polymerization product of alkyl
silicate and fine zinc particles having an average particle diameter of 1 .mu.m to 50
.mu.m and has a pH value of 6 to 8 and a viscosity of 1000 cP or less, applying the
fluid on the surface of a rare earth metal-based permanent magnet, and subjecting the
resultant magnet to a heat treatment at 250.degree. C. to 400.degree. C., to thereby
form a corrosion-resistant film containing fine zinc particles dispersed therein.

The invention claimed is:

1. A method for producing a corrosion-resistant rare earth metal-based permanent
magnet [process/method] , characterized in that it comprises providing an aqueous
treating fluid, which contains a hydrolysis polymerization product of alkyl silicate
and zinc particles having an average particle diameter of 1 .mu.m to 50 .mu.m and
has a pH value of 6 to 8 and a viscosity of 1000 cP or less, applying the fluid on the
surface of a rare earth metal-based permanent magnet, and subjecting the resultant
magnet to a heat treatment at 250.degree. C. to 400.degree. C., to thereby form a
corrosion-resistant film containing zinc particles dispersed therein.

10. The production method as claimed in claim 8, characterized in that the dip spin
coating is carried out by supporting plural rare earth metal-based permanent magnets
on approximately the outer peripheral edge portion of a turn table which is rotatable
around a vertical center axis that is used as the axis of rotation, immersion coating the
rare earth metal-based permanent magnets with the aqueous treating fluid by
immersing the turn table having the rare earth metal-based permanent magnets
supported thereon in an aqueous treating fluid tank, and after taking out the resulting
turn table from the liquid, rotating the turn table to centrifugally cut off the aqueous
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treating fluid that has adhered in excess to the rare earth metal-based permanent
magnets.

Filed:
April 28, 2004

Issued:
February 12,
2008

Expires:
April 2024

7,328,500 Assignee:

Jahwa Electronics
Co., Ltd.

(KOREA)

Method of manufacturing laminated polar anisotropic hybrid magnet

Abstract

Disclosed is a method of manufacturing a laminated polar anisotropic hybrid magnet,
which includes separately mixing first permanent magnet powders having low
magnetic properties and second permanent magnet powders having high magnetic
properties with a thermoplastic resin to prepare first and second compound pellets,
respectively, and firstly injecting the first compound pellets by use of a first injection
mold, to prepare a polar anisotropic and anisotropic resin magnet, which is then
placed into a second injection mold having an outer diameter lager than that of the
first mold, followed by secondly injecting in a magnetic field together with the
second compound pellets. The manufacturing method of the current invention is
advantageous in terms of exhibition of higher magnetic properties of the laminated
polar anisotropic hybrid magnet, and reduction of the use of expensive materials, thus
generating economic benefits. Further, a flux density wave of the magnet can be
easily controlled on the magnet surface to be suitable for performances and
characteristics of the motors, and temperature properties of the magnet can be
enhanced. Thereby, the entire manufacturing method can be efficiently carried out,
therefore increasing productivity and reliability in practical use thereof.

What is claimed is:

1. A method of manufacturing a l